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Preface 



This publication (Volume 2) and its companion publication (Volume 1 , 
Form Y33-1024) constitute the Field Engineering Maintenance Diagrams 
manual for the IBM 2020 Processing Unit (machines with serial number 
50,000 and above) in the IBM System/360 Model 20. Volume 2 contains 
operations information (Section 5) and Volume 1 contains information on 
the following: 

Diagnostic techniques (Section 1) 

Error conditions (Section 2) 

Data flow (Section 3) 

Functional units (Section 4) 

Power (Section 6) 

Microprograms (Appendix B) 

Both volumes are used for maintenance, instruction, and recall. 
The material in these volumes supplements the information contained 
in the following manuals: 

1 . Field Engineering Theory of Operation, 2020 Processing Unit, 
System/ 360 Model 20 (Machines with serial no. 50,000 and above), 
FormY33-1021. 

2. Field Engineering Maintenance Manual, 2020 Processing Unit, 
System/ 360 Model 20 (Machines with serial no. 50,000 and above), 
FormY33-1035. 

Associated Publications 

The following Field En neering Maintenance Diagrams manuals contain 
information on the features which may be installed on the 2020 Processing 
Unit: 

1 . 1403 Printer Models 2, 7, Nl Attachment Feature, System/ 360 Model 20 
(Machines with serial no. 50, 000 and above), Form Y33 - 1 1 8 . 

2. 2152 Printer-Keyboard A ttachment Feature, System/ 360 Model 20 
(Machines with serial no. 50,000 and above), Form Y33-1026. 

3 . 2203 Printer A ttachment Feature, System/ 360 Model 20 (Machines 
with serial no. 50,000 and above), Form Y33-1022. 

4. 2520 Card Read Punch A ttachment Feature, System/ 360 Model 20 
(Machines with serial no. 50,000 and above), Form Y33-1028. 



5. 2560 Multi-Function Card Machine Attachment Feature, 2501 Card 
Reader A ttachment Feature, 1442 Card Punch Model 5 A ttachment 
Feature, System/ 360 Model 20 (Machines with serial no. 50,000 and 
above), Form Y33-1 033. 

6. Binary Synchronous Communications Adapter, System/360 Model 20 
(Machines with serial no. 50,000 and above), Form Y33-1039. 

7. Input/ Output Channel Feature, System/ 360 Model 20 (Machines with 
serial no. 50,000 and above), Form Y33-1017. 

8. Storage Control Feature, System/360 Model 20 (Machines with serial 
no. 50,000 and above), Form Y33-1037. 

Information on the serial I/O channel feature is contained in Field 
Engineering Theory of Operation, Maintenance Diagrams, Serial I/O 
Channel Attachment Feature, System/ 360 Model 20 (Machines with serial 
no. 50,000 and above), Form Y33-1040. 

The associated Field Engineering Theory of Operations manual for the 
features are: 

1 . 1403 Printer Models 2, 7, Nl Attachment Feature, System/ 360 Model 
20 (Machines with serial no. 50,000 and above), Form Y33-1020. 

2. 2152 Printer-Keyboard Attachment Feature, System/ 360 Model 20 
(Machines with serial no. 50,000 and above), Form Y33-1025. 

3 . 2203 Printer A ttachment Feature, System/ 360 Model 20 (Machines 
with serial no. 50,000 and above), Form Y33-1027. 

4. 2520 Card Read Punch A ttachment Feature, System/ 360 Model 20 
(Machines with serial no. 50,000 and above), Form Y33-1029. 

5. 2560 Multi-Function Card Machine Attachment Feature, 2501 Card 
Reader Attachment Feature, 1442 Card Punch Model 5 Attachment 
Feature, System/ 360 Model 20 (Machines with serial no. 50,000 and 
above), Form Y33-1034. 

6. Binary Synchronous Communications Adapter, System/360 Model 20 
(Machines with serial no. 50,000 and above), Form Y33-1038. 

7. Input/ Output Channel Feature, System/ 3 60 Model 20 (Machines with 
serial no. 50,000 and above), Form Y33-1019. 

8. Storage Control Feature, System/360 Model 20 (Machines with serial 
no. 50,000 and above), Form Y33-1036. 



Second Edition (November 1969) 

This volume is a major revision of, and obsoletes, Y33-1042-0. 

Changed diagrams are denoted by the symbol • to the left of the caption, small changes being also indicated 
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1. Logic Diagrams 



Clear ^ 

(Reset) 



J^ 



(Register Name) 
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Register, Counter 

Input side is denoted by thick line. A partial transfer of 

contents is shown by numbered input and/or output lines. 
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(Reset) J— 




(Data) I 
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(Control) I 




(Clear) ^— 





+ for up 
- for down 



? (On/1) 

Flip Latch 

Input side is denoted by thick line. Circuit multiples shown 
) (Off/0) k y numeral in lower right corner. ALD reference page may 

be shown beneath. 



^(On/1) 



Flip-Flop 

Input side is denoted by thick line. Shift signal is shown 

byaPorN. 



Polarity Hold 

Input side is denoted by thick lin 



3> 



Negator (Inverter) 



Negative Polarity wedge 




\0 7 1 

T 
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(Gate) X 00:00 



Numerals against gate symbol give page or diagram 
number of gating circuit. 



Shift Input }— P 



(Time) 
^~~ | Hold f ~~* 

( Frequenc y) 



OSC 1 Oscillator 



Viime; 



'8^^^^^ Identifies indicatable bus, register, 

A latch, ect. such as: Indicatable bus 

A with number of bus lines indicated 



□ 



Jar xxL 



Indicatable flip latch 



Parity Check data bus 



Parity Generate data bus 



Amplifier 

XX Abbreviations: 

CD = Core Driver 

HD = Head Driver 

ID = Indicator Driver 

LD = Line Driver 

LT = Line Terminator 

MD = Magnet Driver 

V = Voltage Amplifier 



Interface 

Denotes interface between two units. 
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Multiple Line Transfer 



2. Timing Charts 



Active State 

Numerals at beginning and end of the bar identify the 
Wl signal(s)(also on the same chart) that activate and 

deactivate this line "Not" with the number 
indicates that lack of the signal conditions the line. 



3. Flowcharts 



( ) 



Terminal 
Indicates beginr 



See Diagram 1-3 



Indicates a major function or event. The upper portion 
of a divided block specifies where a detailed flowchart 
of the process is located. 



~"l Annotation 

I Gives descriptive comment or explanatory note. 





Decision 

Indicates a point in a flowchart where a branch to 
alternate paths is possible. The upper portion of a 
divided block specifies where a detailed flowchart 
is located. 



4. General 



©. 



\ | T5 | T6 | T7 | T8~ 



Tl T2 T3 T4 



6. Standard Signal Arrangement 



"0 



O 



V 



On-Page Connector 

Indicates connection between two parts of the same 
diagram. Arrow leaving symbol points (line-of-sight) 
to correspondingly-numbered symbol. 



On-Page Connector 

Indicates connection between two parts of the same 
diagram. Alphameric grid coordinate of complementary 
connector shown beneath. 



Off-Page Connector 

Indicates connection between diagrams located on 
separate pages. Location of correspondingly-lettered 
symbol shown adjacent. 



Alignment of functional blocks with basic timing 




Signal grouping 

according to 
functional units 



Sense data 
(read) 



— Halfword: combination 
of bytes from different 
sources (e.g. ALU-SDR) 



LS register selection, 
LS input and output 
trol 



5. Special Symbols 



Halfword register 
(e.g. SAR, MAR, 
LS reg) 



-Register definition 
'-Data expressed in hex 



X 



Exchange of bytes 
(cross shift) 




Test for packed decimal format (data, sign) 



Normalize sign function 

Shift function (shown by separate table) 

Suppress function (shaded bit groups are suppressed) 



Six correction (decimal op only) 



ALU result (includes carry) 



Performed function (true, 
invert, zeros, ones) 




Information blocks showing 
which data (hex) is on a 
line, and an input or output 
of a functional unit 



Logical unit comprising shift unit, ALU, and invert switch. 
Functions not used within a specified operation are deleted. 
The whole logical unit is controlled by signals timed by 
cycles (eg. FDR true 0-15 during cycle 1). For charts 
representing more than one different operation, the 
different functions are repeated and identified by mnemonics 



a 



Subfunction, e.g. 
Address checking (AC) 



Depending function 

(e.g. Modifier can only increment o 

decrement data in MAR) 




Partial use of data 
(byte, half byte, orbit) 



MAR/modifier 
control 



Spore 



FDR/invert switch 
control 



Sense Trap Request Lin 



LS New PL Zone Gate 



LS Current PL Zone Gate 



'To Reg' Select 



Set ALU (I/O Bus) to LS 



Set Address Check 



Prevent Mod-SAR-lnh Check 



Prevent Storage Use 



Test Pocked Byte or Sign 



Normalize Sign Activ 



Suppre 



Reset FDR/Retain FDR 0-7 



Invert Switch Control 



ALU Control Gate 



Six Correction 8-11/12-15 



Set Carry Latch 



Set Condition Code Latches 



Data Switch to Op Reg 



Op Reg to Address Bus 



I/O Display Address Out 



SENS Strobe/Control Strobe 



Sense Reset/CTRL Strobe 



Prevent ALU and SU Check 



Set ALU Test Latch 



Set Process Check 



Set Mod Check 



Set ALU Check 



Set Inh Check 



Signals prefixed by "Set" are internal card signals 
which cannot be measured. They indicate when the 
specified function is executed. 



Combined signal which shows 
when new and current PL may 
differ (higher priority trap 
request). Depending upon the 
zone gates, the last instruction 
is finished in the currently 
selected LS zone while the next 
nstruction is already initiated 
using the new LS zone. 



Combined signal. The number 
above the signal shows which 
LS register is addressed. 



Combined signal comprising: TDR 0-7 to SU 0-7 \ ... fl 
TDR 8-15 to SU 8-15 / INosh,n ° 
TDR 0-7 to SU8-15V. , .. 
TDR 8-15 to SU 0-7 J t ' ross s ' 



Combined signal compri 


sing: Shift left by 2 




Shift left by 4 




Shift right by 2 




Shift right by 4 



Combined si| 
comprising: 



lal No shift 0-7 \ KI ,..- ,, 

No shift bit 8-15 j>Nosh,ftO-15 



Combined signal comprising: Suppr SU bit 0-7 
Suppr SU bit 0-3 
Suppr SU bit 4-7 
Suppr SU bit 8-11 
Suppr SU bit 12-15 
Suppr SU bit 8-9 
Suppr SU bit 10-11 
Suppr SUbit 12-13 
Suppr SU bit 14-15 



Combined signal comprising: FDR true 0-15 


1 


FDR invert 8-15 


|True = true 


FDR invert 0-7 


Invert = invert 


FDR invert 0-7 is forced by FDR invert 8-15. 


1 Invert and true = force zeros 


If FDR invert 0-7 is not required, it is 


|Not invert not true = force ones 


suppressed. 


1 



Combined signal comprising: Adder gate 
AND gate 
OR gate 
OE = no gate activi 



- Reference to a single ALD poge or 
to the first of a group of pages. 



Abbreviations 



AC 

ADDR, Addr, ADR 

ALC 

ALU 

ASCII 

Aux 



BSCA 



CC 

CE 

Chk, Ck 

CLD 

Col Bin 

CPL 

CPU 

CS 

Cust 

CY 



Displ, Dply 
DR 



EBCDIC 
Ex 



FDR 
FL 



IAR 

ICPL 

ICR 

Indir 

Inh 

Insn, Instr 

IOC 

I/O 

I-Recall Addr 



LC 
LS 



Address Check 

Address 

Auto Length Count 

Arithmetic and Logic Unit 

American Standard Code for Information Interchange 

Auxiliary 



Binary Synchronous Communications Adapter 



Condition Code 

Customer Engineer 

Check 

Control Logic Diagram (microprogram list) 

Column Binary 

Control Program Load 

Central Processing Unit 

Cycle Steal 

Customer 

Cycle 



Diagnostic, Diagram 

Display 

Data Register (display customer console) 



Extended Binary-Coded-Decimal Interchange Code 
Execution 



From-Data Register 
Flip Latch (Latch) 



(Micro) Instruction Address Register 

Initial Control Program Load 

Impulse Check Routine 

Indirect 

Inhibit (switch) 

Instruction 

Input/Output Channel 

Input/Output (Device) 

Instruction-Recall Address 



Length Count 
Local Store 



MANOP 
MAR 
MFT 
Mnem 



NSI 



OE 
Op 

Op Reg 
Oprnd 



PL 
Pri 
PSW 



Rd 
Reg 
Req 
Rst 



SAR 

SC 

SDR 

Stor 

SU 

Sw 

Syst 



T 
TDR 



u-instr 
Wkg 

ACY 
A.../ 



(Circuit-Controlled) Manual Operation 
Modify Address-Register 
Machine Function Test 
Mnemonic 



Next Sequential Instruction 



Exclusive OR 
Operation 
Operation Register 
Operand 



Program Level 

Primary 

Program Status Word 



Read 
Register 
Request 
Reset 



Storage Address Register 

Set Carry 

Storage Data Register 

Storage 

Shift Unit 

Switch 

System 



Time (pulse) 
To-Data Register 



Microinstruction 

Working 

Delta Cycle 

Representation of Hexadecimal Numbers 



Circuit-controlled operations 



Microinstruction- 
controlled operations 



(Documented by Diagram 5-81) 



r 



I 



i 

. i-- 

I CPU cycle steal (CS) operations can be 
.requested by the storage control feature, 
HOC, and BSCA (CS requests). Conside. 
| the operations as circuit controlled service j 
phases which allow rapid data transfer from 
j or to CPU. CS operations are of highest 
' priority 




(Documented by Diagrams 5-73 to 5-80) 



Documented by microprogram lists (CLD's) 
and by flowcharts. The CLD's are available in 
binders C01 to C03. Flowcharts are given in 
2020 FEMDM, Volume 1, Appendix B. Flow- 
charts for special E -phases of I/O instructions 
(XIO, "NO, TIOB, CIO), special parts of 
service phases, and special routines (I/O log 
in, CE) are given in the corresponding 
"Attachment " -FEMDM . Maintenance programs 
are documented in binders labeled T10, 
T30, and T40. 



_ ___t 

The microinstructions are linked to the ' 
micro-control -program . 
The whole micro-control -program consists 
of routines. The routines are designed 
to execute following main CPU functions: 

f~T. Control Program Load (CPL). Micro- | 
instruction-controlled loading of the 
micro-control-program after the first 
loader card has been read into core 
storage by MANOP I CPL. In customer 
mode, CPL is performed using the 
core resident absolute loader in core 

storage (Aux storage) 

I 2* System Reset Routine 

Manual Routines. Micro-control- 
program to display or alter the 8 
general registers (customer), PSW, 
I -recall address, and machine 
language instruction op code, or 
to perform instruction step, and 
address stop 



3 



3 



Load Routine. Micro-control-program 
which simulates an XIO machine 
language instruction to read the first 
loader card of the customer program . 

Instruction Phase (l-Phase)and Execute 
Phase (E-Phase) of the Machine 
Language Instructions 

I/O Service Phases 

7. Interrupt Handling 

8. Program Error Handling 

9. Maintenance. I/O log in routines 
(detailed and count type log) 

CPU micro test, CPU loader test. 
Worst case pattern test (core storage 
adjustments) 

Machine function tests (MFT's) and 
impulse check routine (ICR). Both 
tests run on a mixture of special 
micro-control -program routines and 
machine language instructions 



Diagram 5-1. CPU Operations (Part 1 0^2) (03765A) 
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Immediate Byte Instructions 



Load/Store 



Branch Type Instructions 



Move Type Instructions 



Binary Arithmetic 
Instructions 



Logical Instructions 



Packed Decimal Instructions 



CPU Stop Instruction 
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Rl Format 


Mnemonic 
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Load Byte Immediate 

Insert Byte Left 

AND Immediate 

OR Immediate g ■ 

Exclusive OR Immediate ' 

ADD Immediate 

Test Under Mask and Skip if Zero 

Test Under Mask and Skip if Not Zero 

Translate and Branch Short 

Translate and Branch Long 
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ORI 

EORI 

ADDI 

TMSZ 

TMS 

TRBS 

TRBL 


/o/ 





To Reg 


Immediate Data Byte 


1 


N 





1 


/2/ 





1 


/3/ 





1 









/V 




1 

























RD Format 



Load Halfword e 

Store Halfword '| i ^/(j^ 

Branch and Store 

Branch on Binary Zero 

Branch on Binary Minus < p y /' 

Branch on Binary Plus 

Branch on Address Check 

Branch Unconditional 


LH 
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FF Format 



Store Zone Register 

Load Zone Register 

Move Halfword and Split 

Shift Left and Move 

Shift Right and Move 

Move Halfword 

Move Byte 

Move Numeric 

Move Zone 

Add Halfword 

Add Halfword and Set Carry 

Subtract Halfword 

Subtract Halfword and Set Carry 

AND Byte or Halfword 

OR Byte or Halfword 

Exclusive OR Byte or Halfword 

Compare Logical Byte or Halfword 

Add Packed Byte 

Subtract Packed Byte 

Zero and Add Packed Byte 

Perform Packed Complement 

Set Decimal Sign 

Halt and Display Halfword 
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-Operand addressing: 
if bits = direct 
if bits 1 = indirect 



I/O Instructions 



Sense I/O 
Control I/O 
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TRBS"! Indirect address if bit 15 of branch 
TRBL J address is on 
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^^e.g. 5-3) 
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55 


56 


57 


58 


' 59 


60 


61 








62 


63 


64 


65 


66 | 




Direct 

1 


Indirect ALC 

J J 




+1 


ALC 
if indir address 




67 
70 


; 68 j 69 
71 j 72 





ADDRESS CHECK (AC, bit 7 of FF format instructions). 

When the bit is on, the operand addresses (in 'to' or 'from reg' if indirect address) are 
checked that they are not outside customer storage area. For halfword instructions (e.g. 
MVHS, MVH, AH), the addresses are also checked for halfword boundary (address must 
be even). An address check stops the CPU by program check (trap request 2). 

SPLIT (bits 5 and 6 of MVHS). 

During MVHS, a halfword is split. The result of the split is set into two adjacent 
registers. The binary value of bits 5 and 6 (0-3) defines the split mode. Details of 
split are given in the MVHS flowchart. 



SHIFT AMOUNT (bits 5, 6, and 7 of SLM, SRM). 

The pattern in these bits specifies the number of bits by which the operand halfword has 

to be shifted. 



Bits 


5 6 7 









1 




1 




1 




1 1 




1 1 



Shift by 
Shift by 2 
Shift by 4 
Shift by 8 
Shift by 10 
Shift by 12 



(No shift, only move) 

No shift by 6 (bits 6 and 7 on simultaneously) 



and 'to reg' = 7 

•TO REG', 'FROM REG'. 

These fields may contain any binary value from to 7. This binary value is used to 

select one of eight local storage registers in a local store zone. For FF and I/O 

instructions, the selected register is used as data register if the high-order bit in the 

'to or from reg' field is off (direct addressing). The selected register is used as 

address register for a core storage operand if the high-order bit is on (indirect 

addressing). 

When the 'to reg' specifies local store register 7 (IAR, instruction address register), 
instructions which set data into a local store register as a result of their operation- (load 
type instruction) are treated as no operation. 



Diagram 5-1. CPU Operations (Part 2 of 2) Microinstructions 



(03706) 
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Example of Microprogram List (CLD) 



Heading 




JK64 
■JK80 



JK74 6184 

JK7(S 29FF 

JK78 71«SA 

JK7A 69«n 

JK7C HA66 

JK7F R^6f 



JKR^ 7684 JK84 



JKM? CAM 

JK84- 69AA JKAA 



JK8ft A ROD 
JK88 8AfV> 



-t-KOM- JK62 

RZ 1.0IGSFL 



°.R TO IAR.O-7/TMST.8-14 IF Rl 
Ri *= Rl + 'FFFF' 

PR TO FAR. o-7/lNST. 8-14 TF Rl 

BR TO IAR.0-7/INST.8-14 IF Rl 



A no I 1,-? 

BP 1, START 

BM 1, SIGN ST 

FIFLD SFPARATION CHARACTER 

SH 6 f 6,Cr rr, RA *= P6 - R6 

B FTLL BR TO T AR .n-7/ | NS T. 8-14 

SIGN I TCANCF START CHARACTER 



SIGNST RP 6,DIGSFL 
-FROM- JK7A 

Ok 6,1 

niGSPL RM n t SfNDCT 
-FROM- JK74 JK80 

mv/R O t VI, INC, AC 

MVHS <">,", 1 



RR TO IAR.O-7/INST.8-14 IF R6 , GT ♦ 



R6 *= R6 ,OR,Pl 

BR TO IAR.O-7/TNST.B-14 TF RH 



RO * = R0.O-7/RY(R5, AC, +1J 
RO *= 'nno»/R0.12-I5 , Rl *= 



Branch 
To I 

FPU? RASIC ROUTTNFS 



eg. JK 

Symbolic Block 
Address 

I 



E 



LSTPN4f.8?S03 Froi?Ri' 



'U'SFP'SR nCKPNA68?5'" , 2 FC<M?R10 



Label 
Required 
Al I owed 



1 



•-Hex Contents of the Addressed 
Halfword 



1 2 3 4 5 6 7 



C D E 





































(m 


'cro in 
















Byte 


j* 


^Address read out, 
/ but regenerated 
/ 




>tructic 


>n) 












Even a 


ddress J f 

1 


Byte 










Halfword 


















Odd address 








Alway 


on an 


even 


address 


(if ha 


fword 


address 


is ode 


, only 


the ev 


en part 


is used) 

1 










































































Blc 


ck of 


?56 byt 


es 


























/AB 


0D/ 


/8A 


00/ 




























Addre 


s JK88 




















































/ 


\ddress 


count 


sr 1 
'Odd 


DSTOQ advc 
'Even 


need t 


3 
























m 


Half 


»xt 
word 






Addres 


s count 
r lf DS 


er 
0Q a 


dvance 


d to-. 


Start next bl 


ock rov 


/ 


Byt 


I T 










Last 










£Z 




_ I 


_ L -J 


Halfv 


vord 








A 


ddress counter 

' If DS|, 0M advanc 


?d to-i 






















Lc 
Half 


St 

word 













































The real values of the symbolic block addresses 
depend upon system configuration and main- 
storage size. 

The references of symbolic and real block ad- 
dresses are given in the LINK LIST which can 
only be printed immediately following the 
loading of the microprogram. 



Microinstructions 



Block f 

R ow Start next block 



Common Symbols 


'To reg' = 0-7. 




'From reg' = 0-7. 




1 the corresponding reg or label 




is used for indirect addressing. 




AC address check performed. 




INC r: the indirect address (in reg) i 


s incremented. 


DEC ■ the indirect address (in reg) i 


s decremented. 


CC condition code set. 




NC ;: no condition code. 




X'a. . . ' :: any hex digit to F. 




L J" r - optional function. 





Assembler 
Instructions 



EXAMPLE 

41, 21, AG 



The statement is represented by a formula which de- 
fines the detailed CPU functions required to perform 
a microinstruction. The detailed CPU functions are 
also outlined in the operation flowcharts. 



CC, C/BY(R4, AC)*=BY(R4, -1),D+, BY(R2, AC, -1), D+, C 



LBI 

IBL 

ANDI 

ORI 

EORI 

ADDI 

TMSZ 

TMS 



TRBS 



TRBL 



LH 

STH 

BZ 

BM 

BP 

BAC 



BST 



LR 

STR 

HALT 



SLM 
SRM 



MVB 



MVN 

MVZ 

AP 

ZAP 

SP 

PPC 

SDS 



AH 

AHSC 

SH 

SHSC 

AND 

OR 

EOR 

CLC 



SENS 



CTRL 



DC 
DC 
DC 
DC 
DC 
DC 



ORG 
ORG 



ENTRY 
EXTRN 



EQU 
EQU 



t 



Operation 



Consider as an 
arrow 



- Direction of Reading - 



'To reg 1 , X 'aa 

or 
'To reg', n 

or 
'To reg', -n 



'To reg', label [X 'a'] 



'To reg', B (label) 



To reg, label [±n][, I] 



Label [±n][, I] 



'To reg 1 , 'from reg' 



'To reg' [I], 'from reg' [I], n 



'To reg 1 , 'from reg' [I] , n, [AC] 



'To reg' [|] 'from reg'tll, INC [,AC] 

or 
"To reg' [I], 'from reg' [|], DEC [,AC] 



'To reg' [I], 'from reg' [l] C,AC] 



'To reg' [I] , 'from reg' [I], CC[,AC] 

or 
'To reg' [I], 'from reg' [I], NC[,AC] 



'To reg' [I], X'aa' 
or 
'To reg' [I], label [±n] 



A (label [±n] ) 
E (label, label) 
B (label) 
D (Label [±n] ) 
C 'ABCDEFGH... 



Label 
Label 



OH 
0Q 
0M 



X 'aaaa' 
Label [±ri] 



n = through 127 
-n = -1 through -12i 



The result of the operation (see "Summary") is 
set into the byte (BY) addressed by LS reg 4 
(R4, AC). The address is checked. A carry, 
when decimal addinq the operands, is saved by 
setting the carry latch (C/). The condition 
code (CC) latches are set. 





Statemen 


Symbols 




A 


= Logical and 


PIUL 


= Customer Console 


AC 


= Address Check 




Display 


3R 


= Branch 


PL 


= Program Level 


BY 


= Byte 


R 


= Local Storage Register 


c 


= Carry 


SKIP 


= Skip Over the Next 


CC 


= Condition Code 




Instruction 


COMP 


= Compare 


SL 


= Shift Left 


D+ 


= Decimal Plus 


SR 


= Shift Right 


D- 


= Decimal Minus 


TDR 


= Dataflow Register 


ESTR 


= Customer Console 


UNTIL 


= Lenqth's-count 




Display 




Reduction Until 


FDR 


= Dataflow Register 


VALID SIGN 


= Decimal Sign 


GT 


= Greater Than 




Hex A to F 


HW 


= Halfword 


+ 


= Binary Add 


!AR 


= Microprogram IAR 


- 


= Binary Complement Add 


iNDIR 


- Indirect 




= Precedes a Bit Notation 


INST 


= Instruction 


, 


= Separator 


INVALID 


= Invalid Address 


/ 


= Connection of Values 


LT 


= Less Than 


() 


= Contains an Address 


NE 


= Not Equal 


8-15 


= Bits 8- 15 (Example) 


NORMALIZED 


~ Decimal Sign For 


X 


= Secondary Defined 




EBCDIC or USASCII 




Value 


NOT C 


== Logical "1" if No Carry 


* = 


= Direction of Data 


OE 


= Exclusive OR 




Transfer (<=) 


OR 


= Logical OR 


'XXXX' 


= Hexadecimal 
Representation 



1 . Define operands: BY, D+, BY, D+, C 
(Two bytes and a previous carry are 
decimal added.) 

2. Define addressing: BY (R4), BY (R2) 
(One byte is addressed by LS reg 4, 
the other by LS reg 2.) 

3. What happens with the addresses? 
(R4, -1), (R2, AC, -1) 

(Both addresses are decremented by 1 
The address in LS reg 2 is checked.) 



Summary 
The byte addressed by LS reg 2 and 
a present previous carry are decimal 
added to the byte addressed by LS 
reg 4. The addresses are decremented 
by 1 and checked. 
NOTE: AC specification is valid for 
all indirect addresses in an instruction 



* n = through 255, however, 
the result of label ±n must be 
an address inside block boundary 



n = 0,2,4,8,10,12 
(Shift amount) 



n = to 3 (Split mode) 



n r - through 255, however, 
the result of label ±n must be/ 
an address inside block 
boundary 



A 



END. The assembler branches to the ad- 
dress defined by the label (start micro- 
program) and executes microinstructions. 



DEFINE CONSTANT. The constants are hexadecimal 
digits (up to 16), characters (up to 32) or addresses. 
The addresses are of four different types (A, E, B, D). 

Type A = halfword address defined by label or by 

label ± n (n =0 to 255). 
Type E = an internal label is similar to an external 

label. The constant is the address defined 

by the external label. 
Type B = the constant is the block address (high- 
order byte) of the address defined by the 

label. 
Type D = the constant is the low-order byte of the 

address defined by the label or by the 

label ± n (n =0 to 255). 



ORIGIN. Command for the address counter of the 
assembler to go either to the ORG address ±n (if ,n - 
to 255) or to the address specified by the label. 



START. The start address of a section is defined. The 
required label is used as section name. 



ENTRY/EXTERN. The label defines an address at which 
the section is entered from another section (ENTRY) or 
to which the program goes on leaving the section. 



DEFINE STORAGE. Command for the assembler to 
advance the address counter. 

The counter is advanced either according to 
n (N = to 255) or to a storage boundary defined by 
OH, 0Q, or 0M: 

OH = continue at next halfword address. 
OQ = continue at start address of next block row. 
0M = continue at start address of next block. 
(see examples in the block on the left) 



EQUATE. The required label is equated either with the 
direct address (X'aaaa 1 ), with the address defined by the 
label, or with the address defined by the label 
±n (n = to 255). 

For EQU* the required label is equated with the 
address presently in the address counter. 



Alphabetic Listing of Micro- 
instructions 



Mnemonic 


Diagram 


ADDI 


5-6 


AH 


5-42,43,44,45 


AHSC 


5-42,43,44,45 


AND 


5-46,47,48,49 


ANDI 


5-5 


AP 


5-54, 55, 56,57 


B 


5-20,21 


BAC 


5-18,19 


BM 


5-18,19 


BP 


5-18,19 


BST 


5-16,17 


BZ 


5-18,19 


CLC 


5-50,51,52,53 


CTRL 


5-70,71,72 


EOR 


5-46,47,48,49 


EORI 


5-5 


HALT 


5-66 


IBL 


5-4 


LBI 


5-3 


LH 


5-12,13 


LR 


5-23 


MVB 


5-34,35,36,37 


MVH 


5-30,31,32,33 


MVHS 


5-24,25 


MVN 


5-38,39,40,41 


MVZ 


5-38,39,40,41 


OR 


5-46,47,48,49 


ORI 


5-5 


PPC 


5-58,59,60,61 


SDS 


5-62,63,64,65 


SENS 


5-67,68,69 


SH 


5-42,43,44,45 


SHSC 


5-42,43,44,45 


SLM 


5-26,27,28,29 


SP 


5-58,59,60,61 


SRM 


5-26,27,28,29 


STH . 


5-14,15 


STR 


5-22 


TMS 


5-7 


TMSZ 


5-7 


TRBL 


5-10,11 


TRBS 


5-8,9 


ZAP 


5-5A r 55 t 56,57 



Diagram 5-2. Microprogram List Explanation 
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The immediate data byte is loaded 
into the low-order byte of the LS 
register specified in the 'to reg' 
field of the instruction. The high- 
order byte is set to zero. 



Instruction | Operation | F . F | 









Microinstruction Layout 






o 1 


1 1 2 I 3 


|4 


5 | 6 |7 


8 | 9 | 10 | 11 | 12 | 13 


14 


15 


Op Code 


To Reg 


Immediate Data 







1 o 







LS reg 1 | 3 , E | 5 , D 

before execution 



LS reg 1 | , | F , F 

after execution 



INST MNEM OPERANDS STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 

01FF LBI l.X'FF' R1*=«00FF» 



Cycle 



T8 Tl T2 T3 



CORE STORAGE - 



Read out and 
regenerate mic 



___!___ 



hLlJ~T 



Op 

1 , F F 



TDR 

KF F 



HE- 



True and invert 







I u-instr addr I 



|_u-instr_a_ddr 



T6 17 



T8 Tl T2 T3 T4 15 16 17 T8 Tl 



T2 T3 T4 15 T6 \ 17 T8 Tl T2 T3 T4 T5 T6 T7 T8 Tl 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

Diagram 5-3. LoacMSyte Intermediate (ParH_pf 2) _/03708) ^ ,^2020 > 5QJ)00 FEM_,DjlV\ Vol 2 J8/69) 





No 


Name 


ALD 


^ Wnte^ | j j W J^ ^ ( ^ 




■pr##Jip^^ 


Cycle . 




' 




' 




T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 
























































1 


Sense Trap Request Lines 


LAI 03 




















































































2 


LS New PL Zone Gate 


KA511 




















































































y^iww 


iMM 


■ 








3 


LS Current PL Zone Gate 


, 


















































































s. 














■ 




4 
5 
6 
7 


New/Current PL 




New/current PL's may differ 


wwxsW 


^vv^wxv 






<W^ 


5KNN5W5JS 




^V^VV^SS 


^^s\\ssss v 


sVSSSSSW 
























































CE LS Select 


CC222 










































































































































































Fixed X-Address 


LA412 






7 


7 






7 


^^^^ 




































































MW/MW. 


///////////, 






8 


'To Reg 1 Select 


LA402 


























































































9 
10 
11 
12 
13 
14 


'From Reg' Select 


LA411 




















































































LS to SAR 


KB411 




















































































VAW/AVM 




LS to MAR 




















































































///////////, 




LS to FDR 


KB401 




















































































■ ._ 


■ , , J 




LS to TDR 




















































































MAR to LS 


LA702 




















































































J.L 








w 








■ 






15 
16 


ALU (I/O Bus) to LS 


KB412 




























































































LS Write 


LA302/313 


















































































17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 
























































































Set Address Check 


RA501 




















































































Branch Go 


RA502 




















































































Increment by 1 


RA402 




















































































Increment by 2 


RA403 


t 


















































































Decrement by 1 


RA401 




















































































Decrement by 2 


RA402 




















































































Prevent Modifier Check 


KA511 










































































































































































Prevent Storage Use 


MA402 




















































































SDR to Inh 


MA401 




















0-15 to 0-15 






























































SDR to Op Reg 


KB102 










































































































































































SDR to TDR 


KB402 




















































































Eight Shift Control 


RBI 62 




Undefine 


i_ _ 













Nos 


lift 8 






























































Shift by 2 or 4 


RB161 




















































































No Shift 


RBI 62 




















0- 


15 






























































Test Packed Byte or Sign 


RA502 




















































































Normalize Sign Active 




















































































Suppress 


RBI 71 




















^^^0 


-7 










































































































,/ 










































ALU to FDR 


AA303 




















































































Reset FDR/Retain FDR 0-7 


AA303/KB41 1 




















































































Invert Switch Control 


RB301 


















True and invert 0-15 = /0000/ 


















































































































































ALU Control Gate 


AA301 




















O 


E 






























































Additional Carry 


AA302 




















































































Six Correction 8-11/12-15 




















































































Set Carry Latch 


AA402 




















































































Set Condition Code Latches 




















































































ALU to Inh 


MA401 




















































































ALU to SAR 


KB411 










































































































































































Data Switch to Op Reg 


KB402 




















































































Op Reg to Address Bus 


KA541 


\ 1 












■ 














m 
























































I/O Display Address Out 




















































































Allow Strobe 




















































































SENS Strobe/Control Strobe 


BA102 


(C 


'isplay SE 


MS strobe) 














































































Sense Reset/CTRL Strobe 




















































































Prevent ALU and SU Check 


BA103 




















































































I/O Bus to FDR 










































































































































































































































































































































































































































































































































































































































































































































































































































































Set ALU Zero Latch 


CC121 
























































































Set Process Check 


CC122 














LSA 




Any chk 












LSA 






















































Set LSA Check 


CC221 


\ 




VAWMVM 














































































Set Mod Check 


CC101 


7Z 
















































































1 


Set SU Check 


CC102 


( 
























™ 8-15 

AT8MMM 
























































Set ALU Check 


y Any check 
















































































Set Bus Check 


( 


















































































Set SAR Check 


CC101 




















































































Set Inh Check 


J 


























Cycle of next microinstruction 














































Function signals: A Cycle E2 Cycle I 



"Do not care" signals: ACycle I I Cycle | 



• Diagram 5-3. Load Byte Intermediate (Part 2 of 2) 
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A Cycle 




The immediate data byte is 
loaded into the high-order 
byte of the LS register specified 
in the 'to reg' field of the 
instruction. The low-order byte 
remains unchanged. 



Instruction J 


Oper 


ation 


' 


• 1 






















LS reg 1 [ 


F 


f 


' 


' 1 









Microinstruction Layout 










HI 


1 1 2 I 3 


4 


5| 6 \7 


8 I 9 | 


10 | 11 I 


12 | 13 


14 


15 


Op Code 


To Reg 




Immediat 


e Data 






1 1 







before execution 



INST MNEW OPERANDS 

099B IBL 1,X»9B» 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 
R1*=*9B»/R1.8-15 



after execution 
right-hand byte n 



Cycle 



T2 T3 T4 T5 



T6 T7 T8 Tl 



CORE STORAGE - 



Read out and 
regenerate micro- 
instruction 



T2 T3 T4 T5 T6 T7 T8 Tl T2 T3 T4 T5 T6 \ 17 T8 Tl 



T2 T3 T4 T5 



T6 T7 T8 Tl 



-I__ 



L^J-llJLj 



Op Reg 

? , ? B 



X 



9 B ' ? 



Suppress 



9 9 ; 5 si 



I True | 
F F , 5 5 

ir 



FDR 

F F , 5 5 



To Reg 

F F ,5 5 



(LS reg 1) 



r'tAR 


•1 


i u-instr addr 

' 1 


_J ' 


! r 


MAR 


! L 


u-instr addr 


r ...i„ 

| SAR 


--! 


J_ u-instr addr 





3" 



To Reg 

9 B 5 5 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle 1 I 

Cycle 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 



^4&agram %4^ Insert J^g Left (r>^l of 2) ^m^(03709J^m^ 2020*^0,000 SWADM VoU^ (8/69) 



No 


^ 


ALD 




mmmwmm R ead i - vm* ■ n i 1 1 1 : 1 1 1 1 


^^3 k A Cycle j j 1 1 1 ' 1 " 




Cycle 










T3 


T4 


T5 


T6 


17 


T8 


TI 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


TT 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 






V777S/////A 






■_ 






■ 


, 


























































3 


LS Current PL Zone Gate 


f 
















































































4 


New/Current PL 




Ne 


w/current PL's may differ 


sWWVWWW 






^^^ ^^^5^5 >^m&^K^^^ 


^W\W 


vWWWVV 






















































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X-Address 


LA412 






7 


7 






7 


^^^^ 


































































w/;/;w/+ 


>;///////;//; 


■ 


8 


'To Reg' Select 


LA402 




















































































9 


'From Reg' Select 


LA411 


















































































10 


LS to SAR 


KB411 




















































































11 


LS to MAR 


















































































V/////////A 


12 


LS to FDR 


KB401 




















































































13 


LS to TDR 




















































































14 


MAR to LS 


LA702-712 


















































































f 
















■ 




15 


Set ALU (I/O Bus) to LS 




















































































■ 


16 


LS Write 


LA302/313 


















































































17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































21 


Increment by 2 


RA403 


( 








WMWM 


'w//mm\ 






































































22 


Decrement by 1 


RA401 


-1 
















































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 


















































































WMMM, 


WMMM. 


WMMS// 


25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Inh 


MA401 




















0-15 to 0-15 




























































28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 


















































































31 


Eight Shift Control 


RBI 62 




















Cros 


s shift 




























































32 


Shift by 2 or 4 


RB161 


















































































33 


No Shift 


RBI 62 




















0- 


15 




























































34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RB171 




















8- 


15 




























































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 


















































































40 


Invert Switch Control 


RB301 


















True 0-15, invert 0-7 = /00 true/ 


























































41 






















































































4? 


ALU Control Gate 


AA301 




















OE 




























































43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 


















































































47 


ALU to Inh 


MA401 


















































































48 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































">1 




KA541 


( 
















































































52 


I/O Display Address Out 


-J 
















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 


(Display SENS strobe) 












































































S5 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































59 




















































































60 




















































































61 




















































































6? 




















































































63 




















































































64 








































































































































































66 




















































































67 




CC121 




























■ 






















































68 




CC122 














LSA 




Any chk 












^^A^ 






















































Set LSA Check 


CC221 


- 1 






^77777777777? 










































































70 




CC101 


















































































71 


Set SU Check 


CC102 


























ATS J 


v- 






















































7? 


Set ALU Check 


\ Any check 














































































73 


Set Bus Check 


( 




















































































CC101 


i 
















































































;; 


Set Inh Check 




±z 






























Cycle of next microinstruction 













































Function signals: ACycle V7&X Cycle | 



"Do not care" signals: ACycle I I Cycle | 



• Diagram 5-4. Insert Byte Left (Part 2 of 2) 



(03709A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



ACycleO 




The immediate data byte is 
ANDed, ORed, or exclusive 
ORed with the low-order byte 
in the 'to reg 1 . The result is 
set into the 'to reg'. 

For ANDI the high-order 
byte is set to zero. The high- 
order byte remains unchanged 
forORI and EORI. 



Instruction | Operation | F . 



T 



LS re 9 1 I F , I A . C 
before execution 1 - 



LS reg 1 

after execution 



AND 



Cleared 
to zero 



TT 



OE 









Microinstruction L 


ayout 








o 


1 1 2 1 3 


4 


5|6 | 7 


8 


9 


10 | 11 | 12 | 13 


14 


15 


Op Code 


To Reg 


Immediate Data 


1 









1 


1 






2 










ANDI 

ORI 

EORI 



MNEM OPERANDS STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 



INST 

11F0 ANDI l,X»Fu» 

19F0 ORI 1,X»F0» 

21F0 EORI 1,X»F0» 



Rl*=Rl,A,'00FO» 

Rl*=Rl,OR,»00F0» 

Rl*=Rl,OE,»00F0» 



inchanged 



Cycle 



T2 T3 T4 \ 15 



To 17 



CORE STORAGE - 



SDR 



!-La£_2 



(2 1) Op Reg 

ANDI 1 1 , F 



ORI (1 9) 
EORI (2 1) 



1 1 ' F () 

HI 



J AND 



F A C 



F , A C 



FDR 

F A C 



To Reg 

F 0, A C 



(LSregl) 



— «... 

MAR 



j SAR ; 

t ! 

* u-instr addr J 



T2 T3 T4 T5 



| Tl ~~T2 I T3 j T4 j" 



T6 T7 T8 Tl 



T2 T3 T4 15 



T6 T7 T8 Tl 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted line 



Diagram 5-5. AND-O^R-Excluslve OR Immediate .(Part 1 of 2) (03710) 2020 > 50,000 FEMDM Vol 2 (8/69) 



No 


Name 


ALD 


^^jMmmm'M j°°» 1 w*. i r 1 ■ i 1 — 1 1 : r. 1 




mmmmmmmmmmmmzmmm 


.Cycle 












i<* 


\o 


















16 


r/ 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 






W/////////. 


WM/MM 






■ 




































































3 


LS Current PL Zone Gate 


f — 
























M 
























































4 


New/Current PL 


,fmm 


Ne 




PL's may d 


iffer 








^w^w 




s\\V\\\\\\\W 


\W35S5S 






















































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X- Address 


LA412 






7 


7 






7 


^^^^ 


































































8 


'To Reg' Select 


LA402 






















































































9 


'From Reg' Select 


LA411 


















































































10 


LS to SAR 


KB411 


















































































W/////////. 


11 


LS to MAR 


















































































WMM/A 


12 


LS to FDR 


KB401 




















































































13 


LS to TDR 
















































































14 


MAR to LS 


LA702-712 


^ 






































































































15 


Set ALU (I/O Bus) to LS 




















































































■ 


16 


LS Write 


LA302/313 


















































































17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































21 


Increment by 2 


RA403 


\ 


f/yzv///y/?\ 


V/yZV7ZVm 


7777/7///77A 


7ZW//MM 


V///SW//A 






































































22 


Decrement bv 1 


RA401 


















































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 


















































































>;/;;/;;/;/;, 


V///MMA 


MS/WAV/. 


25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Inh 


MA401 




















0-15 


o0-15 




























































28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 


















































































31 


Eight Shift Control 


RBI 62 


f— — 


____Und 


















No shift 8 




























































32 


Shift by 2 or 4 


RB161 


















































































33 


No Shift 


RBI 62 




















0- 


15 




























































34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RB171 




















0-7 




























































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB41 1 


















































































40 


Invert Switch Control 


RB301 




















True 0-15 




























































41 
























| 




























































42 


ALU Control Gate 


AA301 




















AND- 


DR-OE 




























































43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 


















































































47 


ALU to Inh 


MA401 


















































































48 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 


Op Reg to Address Bus 


KA541 
































































































52 


I/O Display Address Out 


_ 
















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 


( 


Display SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































59 




















































































60 




















































































61 




















































































6? 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 




















































































68 


Set Process Check 


CC122 














^^A 




Any chk 












^^A^ 




















































69 


Set LSA Check 


CC221 


A 






W/M///S) 








































































70 


Set Mod Check 


CC101 




















































































71 


Set SU Check 


CC102 




























8- 

ATRHI 


5 






















































72 


Set ALU Check 




► Any check 














































































73 


Set Bus Check 




















































































74 


Set SAR Check 


CC101 




















































































75 


Set Inh Check 


1 






























Cycle of next microinstruction 











































Function signals: ACycle VAVX Cycle | 



"Do not care" signals: ACycle 1 1 Cycle | 



• Diagram 5-5. AND-OR-Exclusive OR Immediate (Part 2 of 2) 



(0371 0A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 









Microinstruction Layout 








zn 


1 1 2| 3 


4 


5 1 6 | 7 


8 |9 1 


10 I 11 | 12 | 13 


14 i 


15 


Op Code 


To Reg 


Immediate Data 


2 1 1 







INST 
2911 



MNEM 
ADDI 



OPERANDS 



1 , X 1 1 1" 
ADDI 1,-1 



STATEMENTS ACCORDING TO STANDARD CE.B 0-1046-XXX 

R1*=R1+«0011 I 
R1*=R1+ , FFFF' 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle 



rnm 



The immediate data byte is 
added to the halfword in the 
"to reg' . The result is set into 
the 'to reg'. 

For subtraction the immediate 
data byte must be in two's 
complement (high-order bit on). 
If so, the immediate data byte is 
extended to a halfword by high- 
order ones. 



| Operpti 

^~ I 

8 bit of the instruction i: 
therefore set to zero 



LSreq-1 1 2 ' 2 


2 ; 2 i 


before execution 


Add- 



' 1 1 
2 2 2 2 



LS reg 1 F~ 

after execution 



Instruction 


Operate E ; F | 








' 






8 bit of the instruc 
therefore force one 
high-order byte 

1 2 ; 2 1 2 ; 2 1 


tion is one 
s into the 




y ' 






- Add — 






LS reg 1 


1 F 

F 

-► 2 

2 


! F | E 

F + E 
2 2 

2 1 


F 

F 
2 

1 


1 


before exec 


tion 1 














1 


et 

i 






I 


No condition code is s 
No carry will be store 
Overflow condition is 




LS req 1 |2:2|i:i| 
after execution 


nd 




Cycle 



CORE STORAGE - 



..JL_. 



1 .SDR 

L 



2 9 , i_ ij 

^F) " J 



Op Reg 

2 9 1 1 1 



Add complement (8-F) 



Add true = Add 
Add complement = Subtract 



TDR 

2 9,1 1 



Forced £ 

Suppress if add true 
If add complement 



T2 T3 



True 
2 2 , 2 H 



FDR 

2 2 2 2 



To Reg 

2 2.22 



IAR 1 

! !~H 

|_U2instr_addr_j 1 



MAR , 

1 ! +2 

I u-instr addr 1 



/ 



Increased by 1 
if carry out of 
low-order byte 



___i. 



j_ u-msrr aaar _j 



For subtract, the result is in 
two's complement when the 
immediate data byte is greater 
than the value in 'to reg' (before op) 

e.g. 4 - 5 = -1 

4 = 0100 
a^ -5=1011 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

Diagram 5-6. Add Immediate (Part 1 of 2) (037)]) 2020 > 50,000 F EM DM Vol 2 (8/69) 



No 


Name 


ALD 


mmmmmmm ^ i Wri t. i~ — i 1 i i 1 1 : j 


' / ftM%>'%%\ i. A Cycle 1 ■ * ' 1 1 * I 


^%^^^^^^^^^^^^^#^^^^ 


Cycle 










T3 


T4 


T5 


T6 


17 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


17 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 


















































































WM« 


VMWiii 




I . 






3 


LS Current PL Zone Gate 


f 
















































































4 


New/Current PL 


fcrnw^ 


New/current PL's may diff 


wvw^vv 


^\\WW! 






\WUSS 


^\\\\\\\\\\v 


^^^S3 >\\\\\VV\VVV 


nWWWWWV 


\\\\^S^ 






















































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X-Address 


LA412 






7 


7 






7 


^^7^ 


































































WSMWM 


VM>AWAV t 


■ 


8 


'To Reg 1 Select 


LA402 






















































































9 


'From Reg' Select 


LA4U 


















































































10 


LS to SAR 


KB411 




' 














































































SSAWAW/, 


11 


LS to MAR 








77777777777A 










































































12 


LS to FDR 


KB401 


















































































II 


13 


LS to TDR 
















































































14 


MAR to LS 


LA702-712 


















































































i„ 




















15 


Set ALU (I/O Bus) to LS 




















































































n 


16 


LS Write 


LA302/313 


















































































17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































?1 




RA403 


t 
















































































22 


Decrement by 1 


RA401 


















































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 
























































































25 




















































































26 


Prevent Storage Use 


MA402 


















































































77 


SDR to Inh 


MA401 




















0-15 


to 0-15 




























































?8 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 


















































































31 


Eight Shift Control 


RBI 62 


tiz: 


Un 


L e ii n _ e i_. 
















Not shift 8 


























































32 


Shift by 2 or 4 


RBI 61 
































" 


















































33 


No Shift 


RBI 62 




















8- 


15 








Note: Not 'no shi 


t 0-7' and 


no shift by 2 or 4 forces 










































34 


Test Packed Byte or Sign 


RA502 






























the high order SU byte to all ones (/FF/) 












































35 


Normalize Sign Active 






























1 


1 














































36 




RBI 71 
























0-7 i 


the immediate data is positive; no suppre 


s if negative 














































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 


















































































40 


Invert Switch Control 


RB301 




















TrueO-15 




























































41 






















































































4? 


ALU Control Gate 


AA301 




















AD 


DER 




























































43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 




















































































47 


ALU to Inh 


MA401 


















































































4ft 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 




KA541 


( 1 
















































































52 


I/O Display Address Out 


















































































53 




















































































54 


SENS Strobe/Control Strobe 


BA102 


(Display SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 




BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































59 




















































































60 




















































































61 








































































































































































63 




















































































64 








































































































































































66 




















































































67 




CC121 




























m ■ 






















































68 




CC122 














LSA 




Any chk 












^A^ 




















































69 


Set LSA Check 


CC221 


\ 


















































































CC101 


- 


















































































71 


Set SU Check 


CC102 


_J 
























8-15 

AT8 ^m 


if byte positive; 0-1 


5 if byte negative 
















































72 


Set ALU Check 


\ Any check 














































































73 






( 




















































































CC101 


















































































75 


Set Inh Check 


2= 
































Cycle of next microinstruction 











































Function signals: A Cycle { 



"Do not care" signals: ACycle I I Cycle 



• Diagram 5-6. Add Immediate (Part 2 of 2) (03711 A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



A Cycle 




IAR 
oddre 



of the TMSZ insrructi 



The immediate data byte is used 
as a mask. Turned on bits in the 
mask test the corresponding bits 
in the low-order byte of the 'to 
reg' for being off. 

The next sequential micro- 
instruction is skipped: 

1 . If TMSZ, when q[\ tested bits 
are off. 

2. If TMS, when any tested bit 




Example 2: Successful TMSZ 



1 Cycle 2 



CORE STORAGE - 



Read out and 
regenerate micro- 
instruction 



. SDR 
(9) 



TMSZ 
TMS 



Op Reg 
3 1 ,3 F 



TDR 

3 1 ,3 F 



3 1 3 F 



3 F 



/003F/ = 0000 0000 0011 1111 

AND 
/35C0/ = 0011 0101 1100 0000 

result = 0000 0000 0000 0000 




3 5 C 



3 5, C 

^ 



FDR 

3 5 C 



To Reg 

3 5 C 



! 


r 


MAR 




i 




u-instr 


addr 


i 

SAR 


- 


--i 




u-instr addr 


I 







IAR 

NSI 




J 


k 









1 °PV 


ntion 


i 3 : F i 






i 






i 3 : 


5 


i c : o i 










i 




U 


, \ 


AND 

I 


| ' 


1 


' j 


Result is zero, i.e 
by the mask are ze 
Skip over the NSI, 
address 0106. 


all bits selected 
continue with 



Cycle 2 




'ALU test FL> 

TMSZ - on >-' (Not used) 

TMS- 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 



•^Diagram 5^Z. Test under Mask arjd Skip i.f'.ZfiCP and Not-Zero (Parti of 2) J&3712A) ^ 2020 >J& # 000 FE^fiM Vol 2 ^J^/69)' 



Microinstruction Layout 



I 1 I 2 1 3 1 4 


5-1 6 17 


8 | 9 | 10 | 11 | 12 | 13 | 14 1 15 


Op Code 


To Reg 


Immediate Data (Mask) 


3 









3 


1 







MNEM OPERANDS 



TMSZ 
TMS 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 



313F 
393F 



TklSZ 
TMS 



1 , X' 3F« 
1 , X* 3F' 



Skip if R1,A,'003F»=0- 
Skip if Rl,A,»003F*,NE,0 



Type 



T2 T3 



T6 T7 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 



No 


Name 


ALD 


T3 


W//////MW/M 
W//M///W/M 

T4 T5 


T6 


Re 

W//M 

T7 


led 
T8 


Tl 


T2 


Wr 
T3 


ite 

Cyc 
T4 


eO 
T5 


W/////M 

T6 


WMW, 

A 
17 


W/////M 

Cycle 2 
T8 


W////////, 

Tl 


W/////M 

T2 


W/////M 

T3 


W/////M 

Cycle 2 
T4 


W////////A 

T5 


T6 


T7 


T8 


Tl 


! " , " " 

T2 


T3 


— > 

1 

T4 


T5 


1 

T6 


T7 


T8 


Tl 


1 

T2 


T3 


1 " 
T4 


T5 


1 

T6 T7 Tft 


1 




1 


Sense Trap Request Lines 


LAI 03 




















































































2 


LS New PL Zone Gate 


KA511 




Lv/awawJ 


w»»w»k 






■ 
























r" 














































3 


LS Current PL Zone Gate 


j 


























VWWWH. 
























































4 


New/Current PL 


jN^-ssssj; 


New/current 


3 L's may di 


ffer 






































































5 


CE LS Select 


CC222 




















































































6 
























































































7 


Fixed X-Address 


LA412 






7 


7 






7 


7 












7 
























































'»;;»;;;;/; 


{WMWM 






W/MWM 




8 


'To Reg' Select 


LA402 


























































































■ 




9 


'From Reg' Select 


LA411 


















































































10 


LS to SAR 


KB411 




















































































'MNWMti 






11 


LS to MAR 




















































































VSJMMM 




WtWMtl 




12 


LS to FDR 


KB401 




















































































■ 




13 


LS to TDR 


















































































14 


MAR to LS 


LA702-712 


, 


















































































) - 




















■ 














15 


Set ALU (I/O Bus) to LS 
































' 












m 












































■ 


■ 




16 


LS Write 


LA302/31 3 






























1 




\_ TMSZ = 


if ALU test latch on , 










































17 


































y 


N- 


/ TMS = 


if ALU test latch of 


^see sig 












































18 


Set Address Check 


RA501 




















































































19 


Branch Go 


RA502 




















































































20 


Increment by 1 


RA402 




















































































21 


Increment by 2 


RA403 


f 


777//77777A 


W////////A 


W//M//SM 


V777777777A 










































































22 


Decrement bv 1 


RA401 




















































































23 


Decrement by 2 


RA402 




















































































24 


Prevent Mod-SAR-lnh Check 


KA511 




















































































WM/MM 


#Ma 


MMWMW. 




25 
























































































26 


Prevent Storage Use 


MA402 




















Y»»w»/Atw»M»A 


Iv/W/W/vJ 


V»M»?»A 


VvswwA 
























































?7 


SDR to Inh 


MA401 




















0-15 to 0-15 












0-15 to 0-15 














































28 


SDR to Op Reg 


KB102 




















































































29 






















































































30 


SDR to TDR 


KB402 




















































































31 


Eight Shift Control 


RBI 62 






Und 


sfined 












No 


hift8 












,^NoshifU3^ 














































32 


Shift by 2 or 4 


RBI 61 




















































































33 


No Shift 


RBI 62 




















0- 


15 














^^(M5^^^ 














































34 


Test Packed Byte or Sign 


RA502 




















































































35 


Normalize Sign Active 




















































































36 


Suppress 


RB171 






















0-7 














0-7 














































37 
























































































38 


ALU to FDR 


AA303 




















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 




















































































40 


Invert Switch Control 


RB301 




















True 


0-15 














True 0-15 














































41 
























































































42 


ALU Control Gate 


AA301 




















Ah 


vJD 














AND 














































43 


Additional Carry 


AA302 




















































































44 


Six Correction 8-11/12-15 




















































































45 


Set Carry Latch 


AA402 




















































































46 


Set Condition Code Latches 




















































































47 


ALU to Inh 


MA401 




















































































48 


ALU to SAR 


KB411 




















































































49 
























































































50 


Data Switch to Op Reg 


KB402 




















































































51 


Op Reg to Address Bus 


KA541 


, 


















































































y 






















52 


I/O Display Address Out 




















































































53 


Allow Strobe 




















































































54 


SENS Strobe/Control Strobe 


BA102 


(Displ SENS strobe) 














































































55 


Sense Reset/CTRL Strobe 




















































































56 


Prevent ALU and SU Check 


BA103 




















































































57 


I/O Bus to FDR 




















































































58 
























































































,">? 






















































































60 






















































































61 






















































































6? 






















































































63 






















































































64 






















































































65 






















































































66 






















































































67 


Set ALU Test Latch 


CC121 
























































































68 


Set Process Check 


CC122 














^^A^ 




Any chk 












LSA/Mod 




^jt/^ 












LSA 






































69 


Set LSA Check 


CC221 


\ 




WWMSM 


WMW/M 












































































70 




CC101 




































If LS writ 


i T2 
















































71 


Set SU Check 


CC102 


\ 
























8- 
ATRMB 


15 














8- 

ATHHM 


15 








































72 


Set ALU Check 


^y Any check 
















































































73 


Set Bus Check 


f 


















































































74 


Set SAR Check 


CC101 


^r 


















































































'MMMM 




75 


Set Inh Check 


±1 
















































Cycle of next microinstruction 



























Function signals: ACycle E3 Cycle | 



"Do not care" signals: ACycle I I Cycle 



• Diagram 5-7. Test under Mask and Skip if Zero and Not Zero (Part 2 of 2) 



(0371 2A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



A Cycle 




A branch address is combined with 
the current block address (high- 
order byte of IAR) and an even 
byte is read out by an intermediate 
address (even byte = direct 
addressing). The intermediate 
address consists of the current 
block address as the high-order 
byte while the low-order byte is 
obtained by exclusive ORing the 
immediate data byte with the low- 
order four-bit digit (hexadecimal) 
in the 'to reg'. The 'to reg' 
remains unchanged. 



Instruction | Operptioi 



Generate inter- 
mediate address 



1 ,1,1 

1 n f ' o 



~W 









Microinstruction Layout 




TT 


1 1 2| 3 


4 


5 | 6 | 7 


8 | 9 | 10 | 11 | 12 | 13 | 14 


15 


Op Code 


To Req 


Immediate Data (Addr) 




4 


o 







No bit 15 = direct addressing 



Used to read out ' 

one byte from core storage 



1 



INST MNEM OPERANDS STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 

41EE TRBS 1, LABEL BR TO IAR. 0-7/BY(lAR. 0-7/lNST. 8-1 l/X) , X=INST. 12-15, OE, Rl. 12-15, 

IF BY. 15=1 BR INDIR. 



Result: 

branch address 
(IAR and SAR) 



1° I * ! A | 



Type 



Direct 
Addressing 



T2 T3 



T6 17 



T8 | T1~ 



T2 T3 T4 T5 



CORE STORAGE - 



Read out and 
regenerate mic 
instruction 



L 8__0 i_0_2_j 



I 

I 

.1. 



I SDR 



Op Reg 
4 1 , E 



Read out and regenerate 
halfword addressed by 
[-he intermediate addr 



-X^J- 



!E, M E E 



TTT1 



I FDR 8-11 to intern SU 4-7| 
' for parity correction | 

L T , 



True I [True! 



/ 



8 0| E C 
•r-S^T 



To Reg 

3 1 i E C 



(LSreg 1) 




8 


^-o- 





I True 


o 


o| 


8 


E 


C 



SAR I 

8 I E 2 j (Intermediate addr) 



T 



T5 T6 T7 T8 Tl T2 T3 T4 T5 T6 17 T8 Tl 



Not intern SU bit 15 = TRBS direct addre 
(End op cycle 1) 



Cycle if single microinstr s' 



[_8_ Oj A _Aj (Branch addr) 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 



Diagram 5-8. Translate and Branch Short (Direct Addressing) (Part 1 of 2) (03713) 2020 > 50,000 FEMDM Vol 2 > (8/69) 



No 


Name 




i^^^^^^^^P^ Read | Write | fcead 


I Write | 


1 * • 1 1 -■" 1 ' | 






1 


1 1 ' ' 




^^^^^^^^^^^^»»^^M 


Cycle 


Cycle 1 










T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 






































1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 


















































































tmxM 










3 


LS Current PL Zone Gate. 




( 

















































































X 








■' 










■ 






■ 




4 


New/Current PL 




1 foW-vVVV 


New/current PL's may differ 










































































5 


CE LS Select 


CC222 
















































































6 






















































































7 


Fixed X-Address 


LA412 






7 
//////////// 


7 






^^^^ 


7 












1 




1 
■ 






^^^ 






7 






































8 


'To Reg' Select 


LA402 




















































































9 


'From Reg' Select 


LA411 






















































































10 


LS to SAR 


KB411 


















































































WM///SM. 


11 


LS to MAR 
























































































12 


LS to FDR 


KB401 


















































































13 


LS to TDR 




















































































14 


MAR to LS 


LA702-712 


t 






1 










































































15 


Set ALU (I/O Bus) to LS 






















































































■ 




■ 


16 


LS Write 


LA302/313 


















































































m 


17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































21 


Increment by 2 


RA403 


, 
















































































> 












































22 


Decrement by 1 


RA401 


















































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








WMMM 


VWMM,. 


VAW/MW. 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Inh 


MA401 




















0-15 to 0-15 




























































28 


SDR to Op Reg 


KB102 




















1 




























































29 




















































































30 


SDR to TDR 


KB402 




















1 




























































31 


Eight Shift Control 


RBI 62 


Undefined 















No shift 8 (TDR 8-15 to SU 8-1 


5 only) 








No shift 8 if SAR 15; cross shif 


if no SAR 


15 










































32 


Shift by 2 or 4 


RBI 61 




















I 




























































33 


No Shift 


RBI 62 




















0-15 














0-15 












































34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RB171 























-7 

















-7 












































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 
















Re 


ajnFDRC 


-7 






























































40 


Invert Switch Control 


RB301 














True 


0-15, invert 8-11 = /true true/ 








True 0-15, invert 8-15 = 


/true 00/ t 












































41 






















































































42 


ALU Control Gate 


AA301 






















OE 
















OE 












































43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 


















































































47 


ALU to Inh 


MA401 


















































































48 


ALU to SAR 


KB411 








































(Cycle depending if Single Microinstruction switch on) 
































w////////// 


WMiMW. 


49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 


Op Reg to Address Bus 


KA541 


















































































y, 




















52 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 




. 




















































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































5? 




















































































60 




















































































61 




















































































6? 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 




























M 






















































68 


Set Process Check 


CC122 














\S^^ 




An^hk 












^A^od 




Any chk 












^^A^ 




































69 


Set LSA Check 


CC221 


\ 




















VSWMW, 






W»»M» 




















































70 


Set Mod Check 


CC101 




















































































71 


Set SU Check 


CC102 






















8-15 
















8-15 














































V/MMM, 


W/Ai>M>A> 


7? 


Set ALU Check 


\ Any check 


















VZ7777777Z 
















WMUMW. 












































73 


Set Bus Check 


[ 
















































































74 


Set SAR Check 


CC101 


























*77Tr77777S? 
























































75 


Set Inh Check 


zz 












































Cycle of next microinstruction 































Function signals: A Cycle ESI Cycle | 



"Do not care" signals: ACycle I I Cycle | 



• Diagram 5-8. Translate and Branch Short (Direct Addressing) (Part 2 of 2) (0371 3A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



3 1 E , C 



This operation is similar to that 
described in Diagram 5-8, 
except that the resulting branch 
address is used as a second 
intermediate address if the byte 
read out by the first intermediate 
address is odd (bit 15 on). 

The second intermediate 
address reads out a halfword . 
used as branch address. 



| Operation | E \ E [ 



2 



mediate address 



li 





Microinstruction Layout 


1 1 1 2 | 3 | 4 


5 1 6 | 7 


8 I 9 | 10 | 11 | 12 | 13 | 14 | 15 | 


Op Code 


To Reg 


Immediate Data (Addr) 


4 | 







Read out branch addr 
(halfword in 8020) 



8 . E , 2 



Bit 15 = indirect addr 



Used to read out one - 
byte from core storage 



1 , T 



Second intermediate address 8 2 1 



INST 
41EE 



MNEW OPERANDS 
TRBS 1, LABEL 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 

BR TO IAR. 0-7/BY(LAR. 0-7/lNST. 8- 1 l/X) , ; X=INST. 1 2-15, OE, Rl. 12- 15, 
IF BY. 15=1 BR INDIR. 



| A ', 1 | 1 ' A 1 IAR (and SAR) 



A Cycle 




A Cycle 1 



Cycle 



Tl | T2 | T3 | T4 | T5 | T6 [ T7 | T8 | Tl | T2 | T3 | T4 | T5 | T6 | T7 | T8 | Tl | T2 | T3 | T4 | T5 | T6 | T7 | T8 | Tl \ T2 | T3 | T4 | T5 { T6 | T7 | T8 Tl T2 T3 T4 T5 T6 I T7 T8 I Tl 



CORE STORAGE - 



i SAR ' 

i : 

|_8_0_ L 0_2 j 



Read out and 



SDR 
4 1 E E 



Op Reg 
4 1 E E 



Read out and regenerate 
halfword addressed by 
first intermediate address 



r ...x. 

. SDR 



TDR 

4 1 E E 



Read out and regenerate 

branch address 





-t— -, 



FDR 8-11 to 
for parity co 



t , t 



E E E 



rm 



8 0, C 
True | OlTrue [ 



FDR 

8 2 



:r 



To Reg 
3 1 E C 



r ___f_ 



SAR 

, E 2 



(First intermediate addr) 




TDR 
A 1 1 A 



Intern SU bit 15 = TRBS indirect addressing 
(prevents end op cycle 1) 




X 



I I 1 1 1 1 1 

A 11 A 




1 



r ___J____, 

I SAR • (Second intermediate addr) 



T 



'! 



Cycle if single rr 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals; 
A Cycle L I 
Cycle 



Functions performed during c 



3 shown by full lines and functions performed dining .A cycle time are shown by dotted lines. 



Diagram 5-9. Translate and Branch Short f (lnd?rect Addressing) (Part 1 of 2) (03714) 2020 > 50,000 FEMDM Vol 2 * (8/6?) 



No 


Nom . 


ALD 


W///////////////^ Read | Write | „, Read , | Write | Read 


1 , Write, | | I'M 


V//////M A Cycle | A Cycle 1 | A Cycle 2 


1 1 


mmmmmmmm/MM/Mmmm». 


Cycle 


Cycle 1 


Cycle 2 






T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 






















































































■ 
















3 


LS Current PL Zone Gate 




















































































\ 








■ 










■ 




















4 


New/Current PL 




New/current PL's may differ 


WSSJU4U 






































VVSkVVVVVV^ wwvvvv^ 


^WVVVVVV^ 




KVVVV^VSNSsJ 






















5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X-Address 


LA412 






7 


7 






^^^M 


7 












1 




1 






















^^^^ 






7 






















8 


'To Reg' Select 


LA402 




























































































9 


'From Reg' Select 


LA411 






















































































10 


LS to SAR 


KB411 




















































































11 


LS to MAR 


























































































12 


LS to FDR 


KB401 


















































































13 


LS to TDR 














































































14 


MAR to LS 


LA702-712 


















































































\_ : 








■ 








■ 
















■ 








■ 




15 


Set ALU (I/O Bus) to LS 






















































































■ 










16 


LS Write 


LA302/313 






















































































17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































21 


Increment by 2 


RA403 


















































































\ 


















■ 








■ 








■ 


























?2 


Decrement by 1 


RA401 


















































































23 


Decrement by 2 


RA402 


















































































24 


Prevent ModHSARrlnh Check 


KA511 








P"/7/?/sw;/A 


'//////////A 


777Z7Z777?. 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Inh 


MA401 




















0-15 to 0-15 














0-15 to 0-15 














0-15 to 0-15 




























?R 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 
























5 to SU 8- 




























8 (SAR 15) 






























31 


Eight Shift Control 


RBI 62 








Und e| 


fined 












"No shift 8 (TDR 8- 


15 only) 








No shift 8 if SAR 15, cross shitt it no i 










No shift 






























32 


Shift by 2 or 4 


RBI 61 




















| 


























































33 


No Shift 


RBI 62 




















0-15 














0- 


15 














0- 


15 




























34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RB171 




















0-7 














0-7 












































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB4il 
















Re 


ain FDRO 


-7 






























































40 


Invert Switch Control 


RB301 


















True 0-15, invert 8-11 = /true true/ 










True 0-15, invert 8-15 = /true 00/ 










True 0-15, invert 0-15 = 


/oooo/ 


























41 






















































































4? 


ALU Control Gate 


AA301 






















OE 
















OE 
















OE 




























43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































4n 




















































































47 


ALU to Inh 


MA401 


















































































4R 


ALU to SAR 


KB411 






































"W////////A 
















V/////////A 




























49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































SI 




KA541 


t 
















































































5? 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 




(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































59 




















































































60 




















































































61 




















































































6? 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 




























— 
















m 
















■ 






















68 


Set Process Check 


CC122 














LSA 




Any chk 












LS A/Mod 




Any chk 












LS A/Mod 




Any chk 












^^A 




















69 


Set LSA Check 


CC221 


— 3 




MVMWM 


W/MMW 














77777777777> 






'WM///77? 










W///////A 












































70 


Set Mod Check 


CC101 




















































































71 


Set SU Check 


CC102 
























8-15 
















8-15 
V///////AW 
















V/M/MM 


























72 


Set ALU Check 


y Any check 


















tw/mw, 
















V/SS/M/M 
















YMMM/. 


























73 


Set Bus Check 




















































































74 


Set SAR Check 


CC101 












































WMMM 








































75 


Set Inh Check 




























































Cycle of next microinstruction 













Function signals: ACycle £ 



" signals: ACycle I I Cycle 



• Diagram 5-9. Translate and Branch Short (Indirect Addressing) (Part 2 of 2) (03714A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



LSregl | B , C | 3 
remains unchanged 



A branch address is combined 
with the current block address 
and an even byte read out by an 
intermediate address (even byte = 
direct addressing). 

The intermediate address 
consists of the immediate data 
byte as block address and the 
low-order byte of the 'to reg'. 
The 'to reg 1 remains unchanged. 



Instruction | Operation | B 



I 3 ; o i~ 



'ate intermediate 









Microinstruction L 


ayout 




in 


1 | 2 1 3 


4 


'M 7 


8 


9 Tio] 11 | 12 I 137 14 


.5 


Op Code 


To Reg 


Immediate Data (Addr) 


1. 







No bit 15 - direct addressing 

■<nn 



INST 
4$BE 



MNEM OPERANDS 
TRBL l.BfLABEL) 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 
BR TO IAR. 0-7/BY(INST.8-15/Rl.8-15), IF BY. 15=1 BR INDIR. 



branch address | 8 ( 
(IAR and SAR) 



*— r— i 



Type 



Direct 
Address! 




A Cycle 1 



Cycle 



Cycle 1 



T3 T4 T5 



T2 T3 74 T5 76 77 78 Tl 



T2 | T3 | T4 | 75 



T6 77 T8 Tl 



CORE STORAGE - 



Read out and 
regenerate micro- 



Read out and regenerate 
halfword addressed by 
intermediate address 



lL£i_P_ 2 J 



Tsar " "| 

1_8_0 J 0__2j 



j SDR 

La_ L,i._ 


1 




E J 

v 




Op Reg 
4 9, B E 




Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle 1 I 

Cycle 



Not intern SU bit 15 = TRBL direct addressing 
(End op cycle 1) 



Cycle if single microinstr sw o 

SAR 
L8_0 jL A_aJ (Branch addr) 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

Diagram 5-10. Translate and Branch Long (Direct Addressing) (Part 1 of 2) (03715A) 2020 > 50,000 FEMDM Vol 2* (8/69) 



No 


Name 


^SSSSSggiS^SggSgggggggggiSgggggaegg^ Read | Write | ' Read ' | Write 1 1 1 | f 1 


ALD 


'dmmmmmmmmm^mmmm 


Cycle 


, 1 , 

Cycle 1 


• 


• 




T3 


T4 


13 


16 


\7 


18 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


72 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA5U 


















































































'WMt/MA 




■ 






3 


LS Current PL Zone Gate 


, 
















































































J. 


























4 


New/Current PL 




New/current P 


L's may differ 






































































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X-Address 


LA412 






7 


7 






7 


7 












1 




1 






7 






7 






































Y/MWMW, 










■ 




8 


'To Reg' Select 


LA402 




















































































9 


'From Reg' Select 


LA411 






















































































10 


LS to SAR 


KB411 


















































































'W//M?/// 


11 


LS to MAR 
























































































12 


LS to FDR 


KB401 


















































































13 


LS to TDR 














































































14 


MAR to LS 


LA702-712 


, 
















































































$ 
















■ 




m 








■ 




15 


Set ALU (I/O Bus) to LS 


























































































■ 


16 


LS Write 


LA302/313 


















































































■ 




17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































21 


Increment by 2 


RA403 


Z_ 
























1 






















































-4 
























hi 


















22 


Decrement by 1 


RA401 
















































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








V»»»»M 


WM»»». 


»///»»/» 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Inh 


MA401 




















0-15 to 0-15 














0-15 to 0-15 












































28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 


































No shift 






■t if no SA 










































31 


Eight Shift Control 


RBI 62 




























3 if SAR 15; cross she 


R 15 








































32 


Shift by 2 or 4 


RB161 




















| 














| 












































33 


No Shift 


RBI 62 




















0-15 














0-15 












































34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RBI 71 




















8-15 














0-7 












































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB41 1 
















Ret 


ainFDRO 
True 0-1 


-7 






























































40 


Invert Switch Control 


RB301 


















5, invert C 


-7 =/00 true/ 










True 0-15, invert 8-15 =/true 00/ 










































41 






















































































42 


ALU Control Gate 


AA301 






















OE 
















OE 












































43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 


















































































47 


ALU to Inh 


MA401 


















































































48 


ALU to SAR 


KB411 




















































































WAS/AW// 


49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 


Op Reg to Address Bus 


KA541 


, 
















































































J. 




















52 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 


(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































59 




















































































60 




















































































61 




















































































6? 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 


















































































68 


Set Process Check 


CC122 














LSA 




Any chk 












LSA^od 




Any chk 












^A^ 














* 






















69 


Set LSA Check 


CC221 


\ 




ysMMMA 


WM/SMM 












\»/MMMX 






VAAAAAS 






















































70 


Set Mod Check 


CC101 


-\ 


















































































71 


Set SU Check 


CC102 






















0-7 
















8-15 












































72 


Set ALU Check 


\ Any check 


















y/MMMA 
















AAAAMA^ 












































73 


Set Bus Check 




















































































74 


Set SAR Check 


CC101 




























w/a/a/a. 
























































75 


Set Inh Check 


Tz 














































Cycle of the next microinstruction 

' i i 





























Function signals: ACycle E%3 Cycle | 



"Do not care" signals: ACycle I I Cycle 



• Diagram 5-10. Translate and Branch Long (Direct Addressing) (Part 2 of 2) (03715A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



LS reg 1 [ 

remains unchanged 



This operation is similar to that 
described in Diagram 5-10, part 1 , 
except that the resulting branch 
address is used as second intermediate 
address if the byte read out by the first 
intermediate address is odd (bit 15 on). 

The second intermediate address 
reads out a halfword used as branch 
address . 



I Opera ti or 



Generate intermediate T 
address I 









Microinstruction Layout 




o 


1 1 2 | 3 


4 


5 I 6 | 7 


8 | 9 | 10 | 11 | 12 | 13 | 14 


15 


Op Code 


To Req 


Immediate Data (Addr) 


4 | 1 







Bit 15 = indirect addr 



Read out branch address 



1 8 | 1 | 2 | 



Second intermediate f 
address I 



(halfwor 


d in 8020 


) 


i A 


: ■. 


- : a i 




V 


1 a ; i 


i ; a 1 



INST 
49BE 



MNEM OPERANDS 
TRBL 1,B(LABEI^ 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 
BR TO IAR.0-7/BY(INST.8-15/R1.8-15), IF BY. 15=1 BR INDIR. 



(IAR and SAR), 



Addressing 




Cycle 2 



T2 T3 T4 



16 17 



T3 T4 T5 



T6 T7 T8 Tl 



T2 T3 



CORE STORAGE - 



Read out and 
regenerate micro- 
instruction 



Read out and regenerate 
halfword addressed by 
first intermediate address 



L 8 _°|£Jj 



.i_. 



TsDR "1 



Op Reg 
4 9, B E 



TDR 

4 9, B E 



/\ 



E 4 9 



3 E 
1 True 



FDR 

8 0,0 2 



./ 



To Reg 

B C , 3 E 




Read out and regenerate 
_ b ranch ad d ress 



T6 T7 



-_-t_- 



l_ A _. 



TDR 

A 1 . 1 A 



tern SU bit 15 = TRBL indirect addre 
'(Prevent end op cycle 1) 



\ 1/ 

' I N 



A 1 1 A 

I 1 1 1 I 1 I 

A 1 1 A 



8 








| True 


o 


o 1 


8 


3 


E 



[~SAR "~J (First intermediate addr) 

I I 

■IJLLiJJ 



T 




o 1 



(Second intermediate addr) 



LL£l?«LI 



T 



IAR 

A 1, 1 A 



I 

Cycle if single microinstr s' 

I SAR 1 (Branch address) 

) I 

|_A_ V, J _AJ 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

Diagram 5-11. Translate and Branch Long (Indirect Addressing) (Part 1 of 2) (03716A) 2020 > 50,000 F EM DM Vol *2 (8/69) 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle 



No 


Nome 


ALD 


mmmmmmmm- "Read | Write | ' Read | " Write I Read 


1 Write | | 1 . L 


WV//M A Cycle | vA Cycle 1 r | A Cycle 2 




WyMMmMMmmmm^mM^. 


Cycle 


Cycle 1 


Cycle 2 






T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 




















































































2 


LS New PL Zone Gate 


KA511 




y/ww/ 














■ 
























m 




































3 


LS Current PL Zone Gate 




. 
















































































y.„„ 














■ 




















■ 




4 


New/Current PL 




New/current P 


L's may differ 






































































5 


CE LS Select 


CC222 












































































6 






















































































7 


Fixed X-Address 


LA412 






7 


7 






7 


7 












1 




1 






















^^7^ 






7 






















W/MMM 














8 


'To Reg' Select 


LA402 


























































































9 


'From Reg' Select 


LA411 






















































































10 


LS to SAR 


KB411 


















































































W/SMSM. 


11 


LS to MAR 


























































































12 


LS to FDR 


KB401 


















































































13 


LS to TDR 














































































14 


MAR to LS 


LA702-712 


t 
















































































15 


Set ALU (I/O Bus) to LS 


























































































■ 






16 


LS Write 


LA302/313 


















































































■ 


■ 


17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































21 


Increment by 2 


RA403 


















































































tl" -I 


















■ 








■ 








■ 








■ 
















■ 


22 


Decrement bv 1 


RA401 


















































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-JSARr-lnh Check 


KA511 








WM///MV. 


WAWA>M 


V//TZVZ7Z 






































































25 




















































































26 


Prevent Storage Use 


MA402 


















































































?7 


SDR to Inh 


MA401 
















































0-15 toU-IS 




























28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 


















































































31 


Eight Shift Control 


RBI 62 


















Cross shift 








_ 


_ No shift 8 if SAR 15, cross shift if no SA 


R15 








No shift 8 (bAK \b) 




























32 


Shift by 2 or 4 


RBI 61 




















1 
























































33 


No Shift 


RBI 62 




















0-15 














0- 


15 














0-1 a 




























34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 




RBI 71 




















8- lb 














0-7 












































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 
















Ke 


tain FDR 


-J 






























































40 


Invert Switch Control 


RB301 


















True 0-15, invert 0-7 = /00 true/ 










True 0-15, invert 8-15 = /true 00/ 










True 0-15, invert 0-15 = /0000/ 


























41 






















































































4? 


ALU Control Gate 


AA301 






















OE 
















OE 
















OE 




























43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 




















































































47 


ALU to Inh 


MA401 


















































































48 


ALU to SAR 


KB411 






















W////S///M 
















W 
















WSMM/M 




























49 






















































































•50 


Data Switch to Op Reg 


KB402 


















































































51 




KA541 


t 1 
















































































S? 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 


(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































5? 




















































































60 




















































































61 




















































































6? 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 




























■ 
















■ 






































68 


Set Process Check 


CC122 














LSA 




Any chk 












LSA^od 




Any chk 












LS A/Mod 




Anychk 












L£A 




















69 


Set LSA Check 


CC221 


\ 




































'»»//»»» 












































70 


Set Mod Check 


CC101 
















































































71 


Set SU Check 


CC102 






















0-7 
















8-15 
















8-15 




























7? 


Set ALU Check 


y Any check 


































7/777777777> 
















VM/WM 




























73 


Set Bus Check 


( 
















































































74 




CC101 


\ 
























WSMSSJM 
















WSSMSJM 








































75 


Set Inh Check 


t 




























































Cycle of next microinstruction 















Function signals: ACycle EZ3 Cycle | 



"Do not care" signals: ACycle I I Cycle 



• Diagram 5-11. Translate and Branch Long (Indirect Addressing) (Part 2 of 2) (03716A) 2020 2 50,000 FEMDM Vol 2 (8/69) 



A halfword, read out by an address 
comprising a combination of the 
current block address and the 
displacement address (low-order byte\ 
is loaded into 'to reg'. 

No loading is performed if 'to reg' 
= LS register 7 (IAR). 



Operation | A , A 



2 









Microinstruction Layout 








T] 


1 | 2 | 3 


4 


5 I 6 | 7 


8 | 9 | 10 | 11 | 12 | 13 


14 


15 


Op Code 


To Reg 


Displacement Addr 




-5 


o- 




l-o. 








Indicates Direct addressing — 




a 



Generate halfword address | 8 | A , A 



LS ^ ' 1 ] \ 2 1 3 1 4 1 Read o7t HI 



C t D J Remains unchanged 



INST 
51AA 



before executioi 



LS reg 1 

after executior 



MNEM OPERANDS 
LH 1, LABEL 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 
Rl*=HW(IAR.G-7/lNST.8-14) 



A I B 1 



halfword to be 
loaded 



Type 



Direct 
Addressing 



ACycleO 



wMMi 



T2 T3 T4 T5 



Cycle 



T8 | Tl T2 | T3 | T4 



T6 T7 T8 Tl 



T2 T3 T4 T5 



T6 T7 T8 Tl 



T2 | T3 I T4 . | T5 T6 T7 T8 Tl T2 T3 T4 T5 T6 T7 T8 Tl 



CORE STORAGE - 



Read out and 
regenerate micro- 



Read out and regenerate 
halfword to be loaded 



| SDR * 



L5.UA Aj 



Op Reg 

5 'l A fl 



Not op reg bit 15 = direct addr 







5 1 A A 


Suppress 


W/MM MM 




A A 






' 


' 


A 
A 




OE ^ 


i 


_0_ 
_8_ 


i 










8 






1 True I 




8 2 





|_8_0, 0_ 2_j 



.i_. 



MAR 

I I 2 
|_8_0_l0_2J 



r _i__, 

r SAR I 

L 8 0j^0 2 J 



'SAR ~ 

I I 

l_ 8 _°i. A _ A J 



.-i- 



L_A_BJ_C_Dj 



TDR 

A B C D 



A B C D 


1 1 1 1 1 1 1 


A B C 




l 0~ 



To Reg 

A B| C D 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lir 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle 



.J^iagram fif% Loadjf%Wd (T%t Add r#*fc) (Par \f%2) (g%}7) JT*)20 > &%p FEMtf^ol 2 #**?) 





No 


Name 


ALD 


wMwMmmmr^ ^ i Wri . i Re ad i Wr ^- i ■ 1 — i i r . ; l 




S///////M * A Cycle | 


* A Cycle 2 <• \ ».— , | M | 




mmmmmmmmmmmmmm, 


Cycle 


Cycle 2 










T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 1 T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 




1 


Sense Trap Request Lines 


LAI 03 








' 












































































2 


LS New PL Zone Gate 


KA511 




















































































;;/;;;;/;/;, 


V///////M, 


■ 






■ 






3 


LS Current PL Zone Gate 






















































































J 


















■ 






■ 




4 


New/Current PL 




New/current P 


L's may dif 


er 








































































5 


CE LS Select 


CC222 




















































































6 
























































































7 


Fixed X-Address 


LA412 






7 


7 






7 


7 




































































8 


'To Reg' Select 


LA402 




























































































■ 




9 


'From Reg' Select 


LA411 




















































































10 


LS to SAR 


KB4U 




















































































W/////MA 




11 


LS to MAR 




















































































;;;;;;;;;;;/ 






12 


LS to FDR 


KB401 




















































































13 


LS to TDR 


















































































14 


MAR to LS 


LA702-712 




















































































$- 








■ 












■ 














15 


Set ALU (I/O Bus) to LS 
























































































■ 






16 


LS Write 


LA302/313 




















































































17 
























































































1R 


Set Address Check 


RA501 




















































































19 


Branch Go 


RA502 




















































































20 


Increment by 1 


RA402 




















































































?1 




RA403 


( 


































^ . 
















































22 


Decrement by 1 


RA401 




















































































?3 


Decrement by 2 


RA402 




















































































?4 


Prevent Mod-SAR-lnh Check 


KA511 








v//////////a\ 


w//;;;///a\ 


7777777777/\ 








































































25 
























































































26 


Prevent Storage Use 


MA402 




















































































27 


SDR to Inh 


MA401 
















































































?R 


SDR to Op Reg 


KB102 




















































































29 






















































































30 


SDR to TDR 


KB402 




















































































31 


Eight Shift Control 


RBI 62 






_ 


Unde 


Ii ned 










No shift 8 












No shift 8 














































3? 


Shift by 2 or 4 


RBI 61 




















































































33 


No Shift 


RBI 62 




















0- 


15 














0- 


15 














































34 


Test Packed Byte or Sign 


RA502 




















































































35 


Normalize Sign Active 




















































































36 


Suppress 


RB171 




















0-7 






























































V 
























































































38 


ALU to FDR 


AA303 




















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 




















































































40 


Invert Switch Control 


RB301 


















True 0- 


5, invert 8-15 = /true 00/ 










True 0-15, invert 0-15 = /0000/ 












































41 
























































































4? 




AA301 






















OE 
















OE 














































43 


Additional Carry 


AA302 




















































































44 


Six Correction 8-11/12-15 




















































































45 


Set Carry Latch 


AA402 




















































































46 






















































































47 


ALU to Inh 


MA401 




















































































4R 


ALU to SAR 


KB411 






















\777777777777\ 






























































49 
























































































SO 




KB402 
























































































KA541 




















































































">? 


I/O Display Address Out 


-) ' 


















































































53 


Allow Strobe 




















































































S4 


SENS Strobe/Control Strobe 


BA102 




(Displ SENS strobe) 














































































55 


Sense Reset/CTRL Strobe 
























































































BA103 




















































































S7 


I/O Bus to FDR 




















































































5R 














































































































































































60 






















































































61 






















































































6? 






















































































63 






















































































64 












































































































































































66 


























































































CC121 












































m 








































68 




CC122 














^A^ 




Any chk 












LSA/Mod 




Any chk 












^^A^ 






































69 


Set LSA Check 


CC221 


\ 






VAWMM/ 














\P7777777777, 






V77J777777Z 














































■ 










70 


Set Mod Check 


CC101 


— 




















































































71 




CC102 
























8-15 




















ATR^H 










































7? 


Set ALU Check 


\ Any' check 
















































































73 




\ 


















































































74 


Set SAR Check 


CC101 


-]— 
























y//////////? 


























































75 


Set Inh Check 


±z 














































Cycle of next microinstruction 





























Function signals: ACycle ZZH Cycle | 



"Do not care" signals: ACycle CZD Cycle | 



• Diagram 5-12. Load Halfword (Direct Addressing) (Part 2 of 2) (0371 Ik) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



Instruction 1 Operation | A \ B 



T 



A halfword is read out and loaded 
into the 'to reg' (not if 'to reg' = 
LS register 7, IAR). 

The halfword address was 
previously read out by an address 
comprising a combination of the 
current block address and the 
displacement address (low-order 
byte). 



Generate halfword address 
and store in SAR 









Microinstruction Layout 






m 


1 1 2| 3 


1' 


5 1-6 |7 


8 | 9 | 10 | 11 | 12 | 13 


14 


15 


Op Code 


To Reg 


Displacement Addr 




5 


1 o 




n 



-i Bit 15 is not used for c 
J storage addressing 



before execution 



addressed halfword 
and store in SAR 



Contains address of the core storage 
position which is to be loaded into 
specified register 



Indicates indirect addressing - 



INST MNEM OPERANDS STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 

51AB LH 1, LABEL, I R1*=HW(HW(IAR. 0-7/lNST. 8-14)) 



halfword to be loaded 



LS reg 1 I A | B 



after execution 



Type 



indirect 
Address! nj 



A Cycle 




A Cycle 1 



^ Cycle 2 



T2 T3 



T7 T8 Tl 



Cycle 2 



T2 T3 T4 T5 



T6 T7 T8 



T2 T3 T4 T5 



CORE STORAGE - 



Read out and 
regenerate mic 
instruction 



L- -^- u 




Read out and regenerate 
address of the halfword to 
be loaded 



Read out and regenerate 
halfword to be loaded 



r ___t__ 

SAR 



SAR 



LJLJ-JL-ij 



TDR 

1,24 



12 4 



12 4 




| , | 



SDR • 



TDR 

A B C D 



I I MM 

A B C D 




I 



r-.-.-±- 



SAR 



T6 17 TB Tl 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I 1 

Cycle 



(LS reg 1) 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 



rt^n Lo ^nr°*fr* c,Ad #*ir 9)(p irr 2) rr'^n 2o2 °rv o ° ?rw v ° ! w>. 



No 


Nome 


ALD 


mM/MWMmmr ^ i wme i Re ad i w ™ ■ -■ i r Read r- "-wrii: — 1 ■ — i 1 ■■ 1 1 


W/////M- _► ., A Cycle 0, .. , ., ACycle 1 - | ACycle 2 < |< 1 ' ' 1 1 


mMMW/MmmMM^mm0pMW,. 


Cycle 


Cycle 1 


Cycle 2 






T3 


14 


15 


16 


1/ 


18 


Tl 




13 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 
















































































W////M& 


vmwm/, 


■ 


I 












3 


LS Current PL Zone Gate 


\ 




























■ 




















1 






























4 


New/Current PL 




New/current PL's may differ 






































































5 


CE LS Select 


CC222 














































































6 






















































































7 


Fixed X- Address 


LA412 






7 


7 






7 


7 












1 




1 


















































W/AWAV,. 


V////AVAU 








m 


8 


"To Reg' Select 


LA402 


















































































■ 








9 


"From Reg' Select 


LA411 






















































































10 


LS to SAR 


KB411 


















































































'//////////A 


11 


LS to MAR 


















































































YMWMW/. 








12 


LS to FDR 


KB401 


















































































13 


LS to TDR 
















































































14 


MAR to LS 


LA702-712 


\ 












■ 










■r 






m 
















■ 




































15 


Set ALU (I/O Bus) to LS 






















■ — ■ 






















■r- 






































16 


LS Write 


LA302/31 3 


















































































17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































21 


Increment by 2 


RA403 


\ 




WMM/M 


V//s>/>//////\ 


ws/mmA 


'///////////A 






































































22 


Decrement by 1 


RA401 


















































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








VM/MM. 


V/////MM 


www;;, 






































































25 






















































































26 


Prevent Storage Use 


MA402 
















































































27 


SDR to Inh 


MA401 


















































— 0-15 toU-lD 




























28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 


















































































31 


Eight Shift Control 


RBI 62 











fined 






































































32 


Shift by 2 or 4 


RBI 61 


















































































33 


No Shift 


RBI 62 




















0- 


15 














0- 


15 














0- 


15 




























34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RB171 




















0-7 




























































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 


















































































40 


Invert Switch Control 


RB301 


















True 0-15, invert 8-15 = /true 00/ 










True 0-15, invert'O-15 = /0000/ 










True 0-15, invert 0-15 ='/0000/ 


























41 






















































































42 


ALU Control Gate 


AA301 






















OE 
















OE 
















OE 




























43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 


















































































47 


ALU to Inh 


MA401 


















































































48 


ALU to SAR 


KB411 


















































































ittMHWs. 


WMM», 


49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 


Op Reg to Address Bus 


KA541 


, 
















































































) 




























52 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 




(Displ SENS strobe) 














































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































59 




















































































60 




















































































61 




















































































62 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 


















































































■ 


■ 


68 


Set Process Check 


CC122 














L£A^ 




Any chk 












LSA/Mod 




Any chk 












LSA/Mod 




Any chk 












L£A 




















69 


Set LSA Check 


CC221 


\ 




r77?////;/;// 


■7Z>Z7ZV//s 












W/A///AW 






V////MM 










MMMM 












































70 


Set Mod Check 


CC101 


-v 


















































































71 


Set SU Check 


CC102 
























8-15 




































ATS" 
























WMW/M. 


W//M 


72 


Set ALU Check 


/ Any check 














































































>;;;;;;;;;;;, 


y;,w;;;;;/< 


73 


Set Bus Check 


















































































74 


Set SAR Check 


CC101 




















































































WW//////, 




75 


Set Inh Check 


J 






























































Cycle of next microinstruction 













Function signals: ACycle EZ2 Cycle | 



"Do not care" signals: ACycle I I Cycle 



• Diagram 5-13. Load Ha If word (Indirect Addressing) (Part 2 of 2) (037.1 8 A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 




Operation | A 



Microinstruction Layout 



The 'to reg' ha If word is stored 
in core storage. The address 
comprises a combination of the 
current block address and the 
displacement address (low-order 
byte). 



A . A 



Generate halfword addre 
and store in SAR 



JL 


1-1 2 1 3 


' 


5|6|7 


8 


9 1 10 [ 11 [ 12 | 13 


14 [15 


Op Code 


To Reg 


Displacement Addr 


1 i 




1° 



Indicates direct addre 



8 , A . A 



LS reg 1 

remains unchanged 



I ■ : ' I Jz-ji 



c , c c , c 



addressed halfword 



A . A . B 



Addressed halfword 



Addressed halfword 
after execution 



INST 
59AA 



MNEM OPERANDS 
STH 1.LA.BEL 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 
HW(IAR. 0-7/INST. 8-14)*=Rl 



Direct 
Addressing 



ACycle 3 



Cycle 



T2 T3 T4 T5 



T6 T7 T8 Tl 



T2 T3 T4 T5 



T6 T7 T8 Tl 



T2 T3 T4 15 



T6 . T7 T8 Tl 



T2 | T3 | T4 | T5 



T6 T7 T8 Tl 



CORE STORAGE - 



Read out and 
regenerate mic 




Store halfword 
_ 



I 
I 

TSDR ~] 

L < LLt. c _^j 



[~~ TDR ~~I 

j_A_ A,_B__Bj 



IE 



A A 
1 True | | 



!~t° Re g la 



1 SAR 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown bv dotted line 



Diagram 5-14. StoreJ^alfword (Direct Addrej^ng) (Part l^gf 2) J&3719) ^2020 > 5^00 FEMD^LVol 2 (&&9) 



No 


N ™ 


ALD 


mmmmmmmm Read. i write i Read i w* i i i 1 I , r 




mmmMmmmmmM^M^mmM^, 


Cycle 


Cycle 3 








T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 - 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 




















































































■ 










3 


LS Current PL Zone Gate 




















































































j 














//////////// 


■ 












4 


New/Current PL 




Ne 


w/current PL's may differ 
































[wwwwvwJ 






































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X-Address 


LA412 






7 
//////////// 


7 
V/////7///?, 






7 


7 












7 




7 


















































8 


'To Reg' Select 


LA402 
























































































'//////////A 


9 


'From Reg' Select 


LA411 


















































































10 


LS to SAR 


KB411 


















































































'/////////// 


11 


LS to MAR 


















































































///////////?. 






12 


LS to FDR 


KB401 


















































































'///////////, 


13 


LS to TDR 
















































































w/////////. 


14 


MAR to LS 


LA702-712 


















































































t, 










■"" 








■ 




In 










1 


15 


Set ALU (I/O Bus) to LS 




























































































■ 


16 


LS Write 


LA302/313 


















































































17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































?1 




RA403 


i 



























b 








Lpj 














































22 


Decrement bv 1 


RA401 


— t 
















































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 










'/////////// 


W//////M. 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Inh 


MA401 




















0-15 to 0-15 




























































28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 


















































































31 


Eight Shift Control 


RBI 62 




1 




Unde 


ined 











No shirt 8 














No shift 8 












































32 


Shift by 2-or 4 


RBI 61 




































| 












































33 


No Shift 


RBI 62 




















0- 


15 














0-15 












































34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RB171 




















0-7 














0-7 












































37 






















































































3fi 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB41 1 


















































































40 


Invert Switch Control 


RB301 


















True 0-15, invert 8-15 = /true 00/ 










True 0-15, invert 8-15/rrue 00/ 










































41 






















































































4? 


ALU Control Gate 


AA301 






















OE 
















OE 












































43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































4<S 




















































































47 


ALU to Inh 


MA401 




































0-15 t 


3 0-15 












































4R 


ALU to SAR 


KB411 






















'/////////// 




























































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 




KA541 


i 
















































































52 


I/O Display Address Out 


-t 
















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 


(Displ SENS strobe) . 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































59 




















































































60 




















































































61 




















































































6? 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 




























.. 






















































6R 




CC122 














L5A^ 




Any chk 












^A/Mod 




Any chk 












^^A^ 










































\ 




y/////////// 


y/////////// 


1 








WW////// 




'/////////// 


/////////// 




















































70 


Set Mod Check 


CC101 


-* 


















































































71 


Set SU Check 


CC102 
























8-15 
77///////7Z 










^^15 










ATSa^H 






































7? 


Set ALU Check 


V Any check 


















W////////// 


























































73 


Set Bus Check 


















































































74 


Set SAR Check 


CC101 




























V/////////7> 
























































75 


Set Inh Check 


2= 
















































Cycle of next microinstruction 



























Function signals: ACycle VAVX Cycle | 



"Do not care" signals: ACycle I 1 Cycle | 



• Diagram 5-14. Store Halfword (Direct Addressing) (Part 2 of 2) (0371 9A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



A Cycle 




Operpti 



The 'to reg' halfword is stored 
into core storage. The store 
address was previously read out 
by an address comprising a 
combination of the current block 
address and the displacement 
address (low-order byte). 



1 ,\ 2 | 



Bit 15 is not used for c 
storage addressing 









Microinstruc 


ion Layout 






JD 


1 1 2 | 3 


4 


5 I 6 | 7 


8 | 9 | 10 | 11 | 12 | 13 


14 


15 


Op Code 


To Reg 


Displacement Addr 


5 1 1 




h 



Generate halfword addre 
and store in SAR 



A B 



IS reg 1 | 

remains unchanged - 



.-H_a_ 



addressed halfword 
and store in SAR 



Contains address of the core 
storage position in which the 
register contents are to be 



L _ _ .1 ■ r— r— r- 1 Addressed ha I fword 

Read out ^> - ■ >— - ■ ' before execution 



INST 
59AB 



MNEM OPERANDS 
STH 1, LABEL, I 



Indicates indirect addressing - 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 
HW(HW(IAR. 0-7/INST. 8-14))*=Rl 



addressed halfword 



Addressed halfword 
after execution I 



Indirect 
Addressing 



A Cycle 1 



Cycle 



Cycle 1 



T2 T3 



T5 T6 T7 T8 Tl 



T2 T3 T4 15 



T6 T7 T8 






T2 T3 T4 T5 



T2 T3 T4 T5 



T6 T7 T8 Tl 



CORE STORAGE - 



Read out and 
instruction 



Read out and regenerate 
store address 



Read out 
store position 



Store halfword 




SAR \ 



SDR i 



TDR 
12 4 



Wfr+ 





o I o I 



, SAR i 



_t___ 



I SDR 

' C C, C C 



L^-ilx.'LJ'J 



r^T^lf 















rr 


o 


o 


o 1 





f"To _ Reg 1 (LS reg 1) 



LJ 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

• Diagram 5-15. Store Halfword (Indirect Addressing) (Part 1 of 2) (03720A) 2020.. > 50,000 FEMD.M Vol 2 (8/69) * 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle 



I 03720 [ A 



No 


*- 


'm^MWMMfM Read | Write 1 , Read , | firi* f- R^ J-* ^ 1 , ] . f } 


ALD 


^M»^^ 


1 - ->-/>-.= 

Cycle 


Cycle 1 


l 

Cycle 3 


1 




T3 


T4 


15 


16 


1/ 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 




VT/77ZV7/?/ W/W/ 






































u 


































3 


LS Current PL Zone Gate 


t 






























— 












■ 






































4 


New/Current PL 


^WvW,y. 


New/current PL's may differ 


\\\\\\vsssu 






























































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X- Address 


LA412 






WfflfflM 


tfMMWM 






7 


7 












1 




1 

■ 












7 




7 


































8 


'To Reg' Select 


LA402 
























































































w/M/m 


9 


'From Reg' Select 


LA411 






















































































10 


LS to SAR 


KB411 


















































































MMMM 


11 


LS to MAR 


















































































WMMWA 










12 


LS to FDR 


KB401 






































1 














































13 


LS to TDR 
















































































;;;;;;;;;;;, 


14 


MAR to LS 


LA702-712 


, 
















































































\ 
















■ 


l 


■ 
























15 


Set ALU (I/O Bus) to LS 




























































u 




























■ 




■ 


■" 


16 


LS Write 


LA302/313 


















































































17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































71 


Increment by 2 


RA403 


t 
















































































22 


Decrement by 1 


RA401 


















































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod^SAR^Inh Check 


KA511 








>;;;;;;;;;;;. 


HM*^ 


;;MMM. 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Inh 


MA401 




















0-15 to 0-15 














0-15 to 0-15 












































28 


SDR to Op Reg 


KB102 




















1 




























































29 




















































































30 


SDR to TDR 


KB402 




















1 




























































31 


Eight Shift Control 


RBI 62 








Undefined 




_ 






No shift 8 














Nos iff 8 














No shift 8 




























32 


Shift by 2 or 4 


RBI 61 




















































| 




























33 


No Shift 


RBI 62 




















0-15 














0- 5 














0-15 




























34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RB171 



















































































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/ Retain FDR 0-7 


AA303/KB411 


















































































40 


Invert Switch Control 


RB301 


















True 0-15, invert 8-15 =/true 00/ 










True 0-15, invert 0-15 =/0000/ 










True 0-15, invert 0-15 = /0000/ 


























41 






















































































42 


ALU Control Gate 


AA301 






















OE 
















OE 
















OE 




























43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 


















































































47 


ALU to Inh 


MA401 




















































0-15 to 0-15 




























48 


ALU to SAR 


KB411 


















































































>;;;;;;;;;;;, 


WMMM 


49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 


Op Reg to Address Bus 


KA541 


















































































fc 




























52 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 


(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 








~ 










































































58 






















































































59 




















































































60 




















































































61 




















































































6? 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 


















































































■i 






68 


Set Process Check 


CC122 














LSA 




Any chk 












LS A/Mod 




Any chk 












LS A/Mod 




. Any chk 










LSA 




















69 


Set LSA Check 


CC221 


\ 




IV7Z777777> 


MMMM, 














mm;;;;;, 
















'/;;;;;;;;;;;. 




v;;mmm 


WMMM 






































70 


Set Mod Check 


CC101 


















































































71 


Set SU Check 


CC102 


I 




















8-15 
V/MM/M 
















VMMMA 




















AT8^B 
























7? 


Set ALU Check 


> Any check 


















v/;;mm77 
















vmmm; 












































73 


Set Bus Check 


( 
















































































74 


Set SAR Check 


CC101 


J 
















































































'/MMMA 


WMW//A 


75 


Set Inh Check 


zz 






























































Cycle of next microinstruction 













Function signals: ACycle E2J Cycle | 



"Do not care" signals: ACycle I I Cycle 



1 Diagram 5-15. Store Halfword (Indirect Addressing) (Part 2 of 2) 



(03720A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



IAR 8 ,00,2 



Instruction Op Code F E 



The updated microinstruction 
address (IAR + 2) is stored in 
core storage. The store address 
comprises a combination of the 
current block address and the 
displacement address (low-order 
byte). The store address is 
incremented by 2 and used to 
read out the next microinstruction 
(branch to store address + 2) . 
The contents of LS register 4 are 
destroyed. 



IAR 8 .0 



Combined 
address 



F . E 



H c I c 1 C JJ 

■►I 8 ! I ! 4 



Addressed halfword 
before execution 



Addressed halfword 
after execution 



Updated combined addre 



A Cycle 




A Cycle 3 



Cycle 



T7 T8 Tl 



T2 T3 T4 15 



CORE STORAGE - 



Read out and 
regenerate mic 
instruction 



BST - 'to reg' = /7/ 




store position updated IAR 

' — I 1 ~ 



l_C_Ci_C_C_j 



4 

EEE 



4 



8 

| True | | 

8 4 



1 LS Reg 4 I 



' FDR I 

|_8 _0 I 0_ 4 J 

I 



r To Reg "" , = IAR 
| I 

L_ 8 °_L° 4 J 



■ LS Reg 4 ' 
,8 , F Ei 


IAR 
8 1 





M 1 




i 


L 


IMAR 

L 8 0j_F E 


1 

+2 

1 









' SAR * 

I I 

|_8_0_ L 0_2_j 



SAR I 

. 8 _°J. F _ E J 



Functions performed during cycle time are shown by full lines and functions performrH during A cycle time are shown by dotted lines. 

Diagram 5-16. Branch and Store (Direct Addressing) flPart 1 of 2) (03721) 2020 >' 50,000 FEMDM Vol 2 (8/69) 









Microinstruction Layou 


■ 


HI 


1 | 2 


! 3 | 4 | 


5 | 6| 7 


r 8 1 9 


j 10| 11 | 12 | 13 | 14 | 15 


Op Code 


Displacement Addr 


1 


In. 






r 


To Reg = 7 




Direct Addressinq ' 









INST 
5FFE 



MNEM OPERANDS 
BST LABEL 



STATEMENTS ACCORDING TO STANDARD CEB 0.-1046-XXX 
HW(IAR. 0-7/lNST.8-14)*=R7,BR TO HW (IAR. .0-7/lNST. 8-14)+2 



Direct 
Addressing 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle f 1 
Cycle BCZ] 



No 


n™ 


ALD 


««illi Read | Write | , Read , | Write 1 | , . | f 1 ■ f 




^^^^^M^^^^^^^^^^^^^M 


Cycle 


Cycle 3 








T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 


















































































»//»»»». 


»;»»/»». 


///////////A m 








3 


LS Current PL Zone Gate 
















































































i 














WAAAAAAA/A VAAAAAA/AAA 


■ 










4 


New/Current PL 




New/current PL's may differ 




































































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X-Address 


LA412 






7 

'//////////A 


7 
AM/MM 






7 


7 




4 
■<///////////. 






wAm>, 




^7^^ 


















































8 


'To Reg' Select 


LA402 


















































































■ 






VA/AAAAAAAA UAK -lo reg- aecoae /; 


9 


'From Reg' Select 


LA411 






















\ 




























































10 


LS to SAR 


KB411 
























(X-addr, 7 blocked) 






















































'//////////A 


11 


LS to MAR 


















































































W///////M 


VAAAAAAAAA/ 


12 


LS to FDR 


KB401 


















































































VAAAAAAAAAA} 


13 


LS to TDR 
















































































W///A///M 


14 


MAR to LS 


LA702-712 


















































































f ' ;■"■ ; 








■ 


















■ 




15 


Set ALU (I/O Bus) to LS 




















































































v/////////a 








16 


LS Write 


LA302/313 


















































































<///////////, 


17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































?1 




RA403 


( 

















































































2? 


Decrement by 1 


RA401 


-J 
















































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








W////A//A/. 


Z777777777A 


/////A//////. 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Inh 


MA401 




















0-15 


to 0-15 




























































28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 


















































































31 


Eight Shift Control 


RBI 62 






{— 


Unde 


tined 








No shift 8 
















No shift 8 












































32 


Shift by 2 or 4 


RB161 


















































































33 


No Shift 


RBI 62 




















0- 


15 














0- 


15 












































34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RB171 




















0. 


7 

















-7 












































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB41 1 


















































































40 


Invert Switch Control 


RB301 


















True 0- 


5, invert 


8-15 =/tr 


je 00/ 










True 0- 


15, invert 8-15 =/r}ue 00/ 










































41 






















































































4? 


ALU Control Gate 


AA301 






















OE 
















OE 












































43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 


















































































47 


ALU to Inh 


MA401 




































0-15 


o0-15 












































48 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 




KA541 


«■ 
















































































52 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 


(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































V 


I/O Bus to FDR 


















































































58 






















































































59 




















































































60 




















































































61 




















































































6? 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 




























H, 
















■ 






































68 




CC122 














LSA^ 




Any chk 












L5A^od 




Any chk 












L5A 




































69 


Set LSA Check 




\ 
















V///AAAA/AA/ 




























































70 


Set Mod Check 


CC101 


) 
















































































71 


Set SU Check 


CC102 


1 




















8-15 
'//////////A 










8^5 








ATS m 


15 






































7? 


Set ALU Check 


\ Any check 


















777///////// 




























































73 


Set Bus Check 


















































































74 


Set SAR Check 


CC101 


















































































75 


Set Inh Check 


/ 














































Cycle of next microinstruction 





























Function signals: A Cycle 1^3 Cycle | 



"Do not care" signals: ACycle f I Cycle 



• Diagram 5-16. Branch and Store (Direct Addressing) (Part 2 of 2) (03721A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



The updated microinstruction 
address (IAR + 2) is stored in 

The store address is read out by 

an address comprising a combination 

of the current block address and the 

displacement address (low-order 

byte). 

The store address is incremented 

by 2 and used to read out the 

next microinstruction (branch to 

store address + 2) . The contents 

of LS register 4 are destroyed. 



| , 2 J Instruction | Op code | F _ F 

! 

+2 
1 , , „ ,. . , !l __ 



IAR 8 



Bit 15 not used for addressing 



OF F 









Microinstruc 


ion Layout 






~^T 


1 1 2 


1 3 | 4 | 


5 | 6 | 7 


8 | 9 | 10 | 11 | 


12 | 13 


14 [ 15 


Op Code 


Displocem 


nt Addi 






5 


■ 


F 


ll 






1 


To Reg = 7 


Indirect addre 


sing 


t 







Read out store addre 



9 



Addressed halfwo rd 

- » | , C \ C I C \ C I before e 

Addressed halfword 



INST 
5FFF 



MNEM OPERANDS 
BST LABEL, I 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 

HW (HW(1AR. 0-7/INST.8-14)) *= R7.BR TO IIW(1AR. 0-7/lNST. 8- 14)+2 



0,4 after , 



IAR 9 , 



2 | Updated store addre 



Branch address 



Type 




ACyc! 



A Cycle 3 



T7 T8 Tl 



T2 T3 T4 T5 



T6 T7 T8 Tl 



T2 T3 T4 T5 



T6 T7 T8 Tl 



T2 T3 T4 T5 



T6 | T7 | T8 | Tl 



CORE STORAGE - 



Read out and 
regenerate mic 



BST - 'to reg' = /7/ 




Read out and regenerate 

store address 





.__J 

SDR 






ad out Store 

re pos ition updated I AR 



TDR 

9 



9 


1 1 1 1 1 1 1 


9 















rr 





o 


o 1 





i LS Reg 4 { 



SAR i 

9 0' 



I__. 

SDR 



4 

i -- 



xn 















R~ 


o 


o 


o 1 





l_ 

To Reg 



!~ Is" Reg" 4 ~| 
! 9 ' 


IAR 
9 2 


1 — 
r -_i-__ 

J MAR 


! +2 

1 




i, 


[_9 0^0 









Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

Diagram 5-17. Branch and Store (Indirect Addressing)' (Part 1 of 2) (03722) 2020 > 50,000 FEMDM Vol 2 (8/69) 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle 



No 


*-. 


ALD 


W, 


mmmmmmm ^ \ w* i 


Read | Write 


1 


Read | Write 1 1 1 1 


'WztyWty 


A Cycle 1 




A Cycle 1 | 




ACyde3 | 1 ' ■ ' ' 


^»wir^»M^M«^» 


Cycle 


Cycle 1 


Cycle 3 






T3 


T4 


T5 


T6 


V 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


17 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 


















































































W/MWM>. W///AW, 








WW/;////, m 


■ 1 


■ 




3 


LS Current PL Zone Gate 
















































































\-~- 
























MW/-/ W///7//M 








■ 




4 


New/Current PL 




New/current PL's may differ 








































































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X-Address 


LA412 






7 
'7777777777?. 


7 
^77777777777. 






7 


7 












1 




1 

■ 






4 






WM//SM. 




^^^^ 


































8 


'To Reg' Select 


LA402 












































(IAR. 'To reg' decode 7) 








































'//////////, 


9 


'From Reg' Select 


LA411 








































V 














































10 


LS to SAR 


KB411 








































- Vx 










































W/S////W. 




It 


LS to MAR 


















































































WSAVMM 






VMWSAM, 


12 


LS to FDR 


KB401 




















































































13 


LS to TDR 
















































































'//////////A 


14 


MAR to LS 


LA702-712 


















































































[ 








■ 












■ 








■ 












■ 




15 


Set ALU (I/O Bus) to LS 
























































































■ 


W////a>/m 


■ 




■ 


16 


LS Write 


LA302/313 


















































































v;;w;w, 


17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































?1 




RA403 


t 
















































































22 


Decrement by 1 


RA401 


















































































23 


Decrement by 2 


RA402 


















































































24 


Prevent ModHSAR-lnh Check 


KA511 








V///M7//A 


\777777777?A 


7777777777V. 






































































25 






















































































26 


Prevent Storage Use 


MA402 






































0-15 t 














































27 


SDR to Inh 


MA401 




















0-15 to 0-15 




























































28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 


















































































31 


Eight Shift Control 


RBI 62 










Undef 


^!f 











No shift b 




























No shirt « l 


























32 


Shift by 2 or 4 


RBI 61 


















































































33 


No Shift 


RBI 62 




















0- 


15 














0- 


15 














0- 


15 




























34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RBI 71 




















0-/ 




























































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 


















































































40 


Invert Switch Control 


RB301 


















True 0- 


15, invert 8-15= /true 00/ 










True 0-15, 


invert 0-15 = /0000/ 










True 0-15, invert 0-15 = /0000/ 


























41 






















































































4? 


ALU Control Gate 


AA301 






















OE 
















OE 
















OE 




























43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 




















































































47 


ALU to Inh 


MA401 
















































































48 


ALU to SAR 


KB411 






































V/77///777Z 












































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 




KA541 


\ 1 
















































































5? 




















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 


(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































5? 




















































































60 




















































































61 




















































































6? 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 




























■ 
















H 
















■ 






















68 


Set Process Check 


CC122 














^^A^ 




Any chk 












LS A/Mod 




Any chk 












LS A/Mod 




Any chk 












LSA 






















Set LSA Check 


CC221 


\ 


























777777777777 














y»»»»/» 


\777777777777 




































70 


Set Mod Check 


CC101 


-\ 
















































































71 


Set SU Check 


CC102 
























8-15 
















pww 




















AT8BM 
























77 


Set ALU Check 


p Any check 


















V//7///7777 
















V7M7MM 












































73 


Set Bus Check 


. 






















































































CC101 




























V777777777n 
















M/!W/W 








































75 


Set Inh Check 


2Z 
































































Cycle of next microinstruction 











Function signals: ACycle EZ2 Cycle | 



"Do not care" signals: ACycle I I Cycle 



• Diagram 5-17. Branch and Store (Indirect Addressing) (Part 2 of 2) (03722A) 2020 > 50,000 FEMDM Vol 2 (8/69) 



Example 1: Successful BM 



Example 2: Unsuccessful BM 



The 'to reg' is tested for being 
zero, minus, plus (not zero), or 
an invalid address (outside 
customer area). Successful 
testing causes a branch. The 
branch address is a combination 
of the current block address and 
the displacement address (low- 
order byte). If no branch, the 
updated microinstruction address 
is used. 



IAR 

before executior 



IAR (and SAR) 
after execution 









Microinshuc 


tion Layo 


jt 






o 


1 1 2 | 3 


4 


5 1 6 | 7 


8 | 9 


1 10 | 11 


I 12 | 13 | 14 


15 


Op Code 


To Reg 




Displacert 


ent Add. 




6 












6 


1 









7 












7 


1 










A Branch addre 



This is a negative binary number, therefore branch 



LS reg 1 | 1 , | F , | 

t This is a positive binary number, therefore no branch 



IAR 

after execution 

(Modified by +2) 



I .', 4 



INST 


MNEM 


OPERANDS 


610A 


BZ 


1, LABEL 


6 90 A 


BM 


1, LABEL 


710A 


BP 


1 , LABEL 


790A 


BAC 


1, LABEL 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 
BR TO IAR. 0-7/INST. 8-14 IF R1 = 
BR TO IAR. 0-7/INST. 8-14 IF R1.LT.0 
BR TO IAR. 0-7/INST. 8-14 IF Rl.GT.O 
BR TO IAR. 0-7/INST. 8-14 IF Rl INVALID 




T3 T4 T5 



T7 | T8 | Tl 



CORE STORAGE - 



Read out and 
regenerate mic 
instruction 



No op reg bit 15 
direct addressing 




(7) (9)t 




6 1 


A 


wwa 1 1 ii 





A 







H 



2 



j_8_0 0_ _2 j 



L_8_0_ t 0_2_; 



(LS reg 1) 


To Reg 










IAR 

8 4 












' 


' 






MAR 



800 A Branch go 



1 — r 



rr A , J — i 



L. _ ij z. _i J 




4 No branch (NSI) 



Note: For "Do not care" functions 
refer to timing chart below. 



"Do not care" 
ACycle LZ 
Cycle 



signals: 



Functions performed during cycte time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

Diagram 5-18. Branch on Binary Zero-M*mus-Plus, Address Check (Direct Addressing) (Part 1 of 2) (03723) 2020 A 50,000 FEMDM Vol 2 (8/69) 



No 


Name 


ALD 


W////////f/^^^^^^^ Re ° d 1 Write | | | | | | 


'/////////A ACycleO , | , , ,. „l - ■ 1 


WMmmmmmMm/ymm^M^mm. 


Cycle 










T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 


















































































wmu& 


rWfWHfl 




3 


LS Current PL Zone Gate 




















































































/ 














■ 




4 


New/Current PL 


IV.VKMW.V 


New/current P 


's may dif 


er 


^WSKW 






^W\W ^VVWW -\Vv^V^VV^kV^V^VVV\VVV S\VVV\VVVVVV kVVVVVVVVVV 






















































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X-Address 


LA412 






7 


7 
WAMWVA 






7. 


7 






7 


7 




7 


If branch 




















































8 


'To Reg' Select 


LA402 






















































































9 


'From Reg 1 Select 


LA411 


















































































10 


LS to SAR 


KB411 
























If no branch 
























































y/MWMK 


vmm»». 


11 


LS to MAR 








WMWMta 










































































12 


LS to FDR 


KB401 


















































































13 


LS to TDR 
















































































14 


MAR to LS 


LA702-712 


















































































} 








■ 












15 


Set ALU (I/O Bus) to LS 




















































































16 


LS Write 


LA302/313 
























If branch 
























































17 


























k 






▲ 






























































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 
























f MAR = zero-minus-plus-inva 


d address 




















































20 


Increment by 1 


RA402 


















































































21 




RA403 


( 


























■ 






















































22 


Decrement by 1 


RA401 


/ 
















































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








VMMMwA 


77777777777A 


w»»»». 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































77 


SDR to Inh 


MA401 




















0-15 to 0-15 




























































28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 


















































































31 


Eight Shift Control 


RBI 62 




Undefine 


d 














No shift 8 




























































32 


Shift by 2 or 4 


RBI 61 




















| 




























































33 


No Shift 


RBI 62 




















0-15 




























































34 


Test Packed Byte or Sign 


RA502 


















































, 
































35 


Normalize Sign Active 


















































































36 




RBI 71 




















0-7 




























































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 


















































































40 


Invert Switch Control 


RB301 


















True 0-15, invert 8-15 = /true 00/ 


























































fl 






















































































4? 


ALU Control Gate 


AA301 




















OE 




























































43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 




















































































47 


ALU to Inh 


MA401 


















































































48 


ALU to SAR 


KB411 
























If branch 
























































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 




KA541 


f 
















































































52 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































M 


SENS Strobe/Control Strobe 


BA102 




(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































">? 




















































































60 




















































































61 




















































































62 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 




























m 






















































68 


















LSA 




Any chk 












^LSA^ 


























































\ 






















If Br 


anch 






























































J 




















A 






* 






















































71 


Set SU Check 


CC102 




















,x 


wffl&M 




ATS-^i 


15 


branch 




















































72 


Set ALU Check 


> Any check 
















Branch T 








^^4> 




















































73 




( I 


















































































CC101 
















































































75 


Set Inh Check 


z= 




























Cycle of next microinstruction 















































Function signals: ACycle £23 Cycle | 



" signals: ACycle r~> Cycle I 



• Diagram 5-18. Branch on Binary Zero-Minus-Plus, Address Check (Direct Addressing) (Part 2 of 2) 



(03723A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



Example 1: Successful BAC 



Op, Code | , 



The 'to reg' is tested for being 
zero, minus, plus (not zero), or 
an invalid address (outside customer 
area). 

Successful testing causes a branch. 
The branch address is read out by an 
address comprising a combination of 
the current block address and the 
displacement address (low-order byte). 
If no branch the update microinstructior 
address is used. 



IAR 1 8 '. 1 '. 2 j 
before execution — , 



trf 



Jit 15 is not used for core 
/ / storage addressing 



o : o i 



Read out { ■ — 

branch address *|_ 



This is an invalid address, therefore branch 



IAR (and SAR) 
after execution 



Example 2: Unsuccessful BAC 



This is a valid address, therefore no branch 



I o I T" 









Microinstruction Layot 


t 






TT 


1 1 2 | 3 


4 


5 | 6 | 7- 


8 | 9 


10 j 11 | 12 | 13 


14 


15 


Op Code 


To Reg 


Displacement Addr 


6 









1 


6 


1 






1 


7 









1 


7 


1 






1 



after execution 
(modified by 2) 



INST 

610B 
690B 
710B 
790B 



MNEM OPERANDS 

BZ 1, LABEL, I 

BM 1, LABEL, I 

BP 1, LABEL, I 

BAC 1, LABEL, I 



Indirect addressing - 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 

BR TO HW (IAR. 0-7/INST. 8-14) IF R1=0 
BR TO HW (IAR. 0-7/INST. 8-14) IF Rl.LT.O 
BR TO HW (IAR. 0-7/INST. 8-14) IF R1.GT.0 
BR TO HW (IAR. 0-7/INST. 8-14) IF Rl INVALID 



Type 




Cycle 



T4 T5 



T6 T7 T8 Tl 



CORE STORAGE - 



Read out and 
regenerate mic 



Read out and regenerate 
branch address 




Op reg bit 15 = Indirect address 



(7) (9)' 


' 


6 1 B 


WMM MM 


B 



8 
True | | 
8 2 
1 





To Reg 










IAR 

8 4 






(NSI) < 


i 




' 


f 




MAR 



(LS reg 1) 



mar ; 



SAR ] 

8 0,0 2 ] 




SDR 

9 0,00 



TDR 

9 0,00 



9 

I I 1 I I I 

9 















1 1 1 















9 Branch g 



Branch go 9 



4 No branch (NSI) 



I SAR i 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I 1 

Cycle 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

Diagram 5-19. Branch on Binary Zero-Minus-Plus, Address Check (Indirect Addressing) (Parf 1 of 2) (03724) 



2020 > 50 , 000 F EMDM Vo I 2 (8/69) 



No 


Name 


ALD 


^fle^^^^M^M^S^ 


1 A Cycle 1 
Cycle 


Cycle 1 


^ ■ " ■ " ' " 


_J , 1 _ 


1 


T3 


14 


10 


16 


1/ 


18 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 


















































































MM/tm 


w/w/m 






■ 






3 


LS Current PL Zone Gate 


$ 






























■ 










m 








































4 


New/Current PL 




New/Current P 


L's may d 


ffer 




































































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X-Address 


LA412 






WfflMM 


w/Mtm 






7 


7 






















^^^^ 


7 




^7^^ 


If branch 




































8 


'To Reg' Select 


LA402 






















































































■ 


9 


'From Reg' Select 


LA411 






















































































10 


LS to SAR 


KB41I 






waaaaaaaaa 
































77777777777?. 


If no branch 








































11 


LS to MAR 


















































































mmmm 






12 


LS to FDR 


KB401 
















































































13 


LS to TDR 


















































































14 


MAR to LS 


LA702-712 


, 
















































































J 
















■ 




■ 








■ 




15 


Set ALU (I/O Bus) to LS 






















































































16 


LS Write 


LA302/313 


















































































17 












































If branch 


















































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 




















If MAR = 


zero-minus -plus-inv 


alid addres 
























































20 


Increment by 1 


RA402 


















































































21 


Increment by 2 


RA403 


( 
















































































22 


Decrement by 1 


RA401 


















































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








»»»»//» 


V/7777AA77A 


Vmmw/»A 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Inh 


MA401 


































0-15 to 0-15 












































28 


SDR to Op Reg 


KB102 


















































































29 




















































































30 


SDR to TDR 


KB402 


















































































31 


Eight Shift Control 


RBI 62 









Un 


defined 











No shift 8 














No shift 8 












































32 


Shift by 2 or 4 


RBI 61 




















1 




























































33 


No Shift 


RBI 62 




















0-15 














0- 


5 












































34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RBI 71 




















0-7 




























































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 


















































































40 


Invert Switch Control 


RB301 


















True 0-15, invert 8-15 =/rrue 00/ 










True 0-15, invert 0-15 =/0000/ 










































41 






















































































42 


ALU Control Gate 


AA301 






















OE 
















OE 












































43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 


















































































47 


ALU to Inh 


MA401 


















































































48 


ALU to SAR 


KB411 








































If branch 










































W/7AAAA/7A 


W77A77777A 


49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 


Op Reg to Address Bus 


KA541 


















































































f — 




















52 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 


(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































59 




















































































60 




















































































61 




















































































62 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 


















































































68 


Set Process Check 


CC122 














UjA^ 




^nyhj^ 












LSA/Mod 




Any chk 












L5A 




































69 


Set LSA Check 


CC221 


A 




J77777777777> 


V777777S7777 












y/MW/WA 






T^wy/m 






















































70 


Set Mod Check 


CC101 


, 






































lt.br 


anch 


* 




















































71 


Set SU Check 


CC102 
























yAWAWSSA 














sranch T 


777777777777. 




AT8^M 




"If no bra 




































72 


Set ALU Check 


^Any check 


















Wm/M/SA 












If 


Y77777777777\ 










ich 
































, 


73 


Set Bus Check 




















































































74 


Set SAR Check 


CC101 




























yV7777777m 
























































75 


Set Inh Check 


zz: 
















































Cycle of next microinstruction 



























Function signals; A Cycle V7771 Cycle ■■ "Do not care" signals: ACycle i i Cycle | 



• Diagram 5-19. Branch on Binary Zero-Minus-Plus, Address Check (Indirect Addressing) (Part 2 of 2) (03724A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 




Op Code J ■ A 



An unconditional branch is 
performed. The branch address 
is a combination of the current 
block address and the displacement 
address (low-order byte). 






IAR 

after executio 



0.2 







Microinstruction Layout 






"TT 


ll 2 


3 ( 4 1 5 | ■ * | 7 


8 | 9 | 10 |ll | 12 | 13 


14 


15 


Op Code 


Displacement Addr , 






8 


I | 







To Reg 





Direct Addressing 



3 



ich address I 8 , , A 



. A 



INST 
800A 



MNEM OPERANDS 
B LABEL 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 
BR TO IAR. 0-7/INST. 8-14 



Type 



Direct 
Address! 



| V | T8 J Tl 



T2 T3 T4 T5 



T6 T7 T8 Tl 



CORE STORAGE - 



T2 T3 T4 T5 



T6 17 T8 Tl 



T2 T3 T4 T5 



T6 T7 T8 Tl 



T2 T3 T4 15 



16 \ 17 T8 Tl 




I Cycle if single microinstr s 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 



*ft?agram £*^. Bran^y,nconditj^ (Dire^^dressin^fcrt 1 ofjfcfe (037J*k 2JWl 50,0Qfl**EMDM \^% (8/6! 





No 


Name 


ALD 


g««M«- lead 


I Write | ^ 
Cycle 


_ r _J , L^ 


1 ' 1 
1 • 


1 , 1 _ 


i 




T3 


T4 


T5 


T6 T7 


T8 


Tl 


T2 


T3 


T4 


T5 


16 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


77 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 




1 


Sense Trap Request Lines 


LAI 03 




















































































2 


LS New PL Zone Gate 


KA511 




















































































■<««««<« 










3 


LS Current PL Zone Gate 


t 














■" 




































































4 


New/Current PL 


^^ 


New/current PL's may differ 








MMii 


WWWWWW S\VV\V\V\\VV 


s\vvvvvvv\vv 


SSSS5S5SS 


^WVVWVV^ 
























































5 


CE LS Select 


CC222 




















































































6 
























































































7 


Fixed X- Address 


LA412 






7 


7 






7 


7 






7 7 




7 
























































>t>±f////////A 














8 


'To Reg' Select 


LA402 


























































































9 


'From Reg' Select 


LA411 




















































































10 


LS to SAR 


KB411 




















































































UY///////A 




11 


LS to MAR 






















































































■ 




12 


LS to FDR 


KB401 




















































































13 


LS to TDR 


















































































14 


MAR to LS 


LA702-712 


j 












Li — ■■■;■,":.' 










m 




























































15 


Set ALU (I/O Bus) to LS 
























































































■ 




16 


LS Write 


LA302/313 






















































































■ 




17 
























































































18 


Set Address Check 


RA501 




















































































19 


Branch Go 


RA502 




















Unconditional 






























































20 


Increment by 1 


RA402 




















































































21 


Increment by 2 


RA403 




















































































4 






























22 


Decrement by 1 


RA401 




















































































23 


Decrement by 2 


RA402 




















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








|WW/W/4 


w»»w». 


V777777777Z 








































































25 
























































































26 


Prevent Storage Use 


MA402 




















































































27 


SDR to Inh 


MA401 




















0-15 to 0-15 






























































28 


SDR to Op Reg 


KB102 




















































































29 






















































































30 


SDR to TDR 


KB402 




















































































31 


Eight Shift Control 


RBI 62 








Unde 


fined 










No shift 8 




























































32 


Shift by 2 or 4 


RBI 61 




















































































33 


No Shift 


RBI 62 




















0- 


15 






























































34 


Test Packed Byte or Sign 


RA502 




















































































35 


Normalize Sign Active 




















































































36 


Suppress 


RB171 




















0-7 






























































37 
























































































38 


ALU to FDR 


AA303 




















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB41 1 




















































































40 


Invert Switch Control 


RB301 


















True 0-15, invert 8-15 = /true 00/ 




























































41 
























































































42 


ALU Control Gate 


AA301 






















OE 






























































43 


Additional Carry 


AA302 




















































































44 


Six Correction 8-11/12-15 












































































1 








45 


Set Carry Latch 


AA402 




















































































46 


Set Condition Code Latches 




















































































47 


ALU to Inh 


MA401 




















































































48 


ALU to SAR 


KB411 
























































































49 
























































































50 


Data Switch to Op Reg 


KB402 




















































































51 


Op Reg to Address Bus 


KA541 




















































































f" . I 














52 


I/O Display Address Out 




















































































53 


Allow Strobe 




















































































54 


SENS Strobe/Control Strobe 


BA102 




(Displ SENS strobe) 














































































55 


Sense Reset/CTRL Strobe 




















































































56 


Prevent ALU and SU Check 


BA103 




















































































57 


I/O Bus to FDR 




















































































58 
























































































5? 






















































































60 






















































































61 






















































































62 






















































































63 






















































































64 






















































































65 






















































































66 






















































































67 


Set ALU Test Latch 


CC121 
























































































68 


Set Process Check 


CC122 














LSA 




Any chk 












LSA 






















































69 


Set LSA Check 


CC221 


\ 




V777Xr/7V» 


>wvwm. 












































































70 


Set Mod Check 


CC101 


















































































1 


71 


Set SU Check 


CC102 
























8-15 


L 


























































1 


UMWUM 




72 


Set ALU Check 


\ Any check 
















































































WMMM 




73 


Set Bus Check 


f 


















































































74 


Set SAR Check 


CC101 


T 


















































































75 


Set Inh Check 


±= 


























Cycle Oof next microinstruction 















































Function signals: A Cycle J 



"Do not care" signals: ACycle I I Cycle | 



• Diagram 5-20. Branch Unconditional (Direct Addressing) (Part 2 of 2) (03725A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



An unconditional branch is 
performed. The branch address 
is read out by an address comprising 
a combination of the current block 
address and the displacement 
address (low-order byte) 



A Cycle 




Instruction [_ 


o P| 


Code 


j B | 




















■ ■ 1 














V & 


Bit 15 is not used for core 


lAR [ 


8 , 


o 


o ; 2 i 


/ storage addressing 














I 




/ 




. 


Generate halfword address 
and store in SAR 


1 






8 , 


1 o 


■■ 








1 

I 

Read out branch 
address 






-H 9 ; o i o ; o | 
I 




r 








lAR | 


9 . 





■o ; o i 




after execution 











Microinstruction Layout 



_°I 


1 | 2 


3 | 4 | 5 


o 


' 


8 


9 | ,0 


11 


12 | 


.3|..4 


I'j 


Op Code 




Displac 


emer 


t Add. 








8 


|o |o 










1 



INST 
800B 



MNEM OPERANDS 
B LABEL, I 



STATEMENTS ACCORDING TO STANDARD CF:B 0-1046-XXX 
BR TO HW (IAR. 0-7/lNST. 8-14) 



RD 



Type 

Addressing 



T2 T3 



T2 T3 T4 T5 



T2 j T3 | T4 | T5 T6 | 17 \ T8 | ,T1 T2 T3 T4 T5 T6 T7 T8 Tl 



CORE STORAGE - 



Read out and 
regenerate mic 



Read out and regenerate 
branch address 




TDR 

9 



9 



9 





1 | 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle WMZ3 



Tsar "I 

' ' Cycle if single 

! 9 0.0 J microinstr sw on 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

^Diagram 5^21 . Bran chJJn conditional (lndire^tAddressirjflL(Part 1 oL2) (03Z2§) 2Q20 > 50 f 0QQJEhADhA ^oi 2 (8/621 



No 


^ 


ALD 


/ ^/^/P/tfmf^/%W//fA Read | Write | Read | Write 1 1 1 T \ "~"" T 




W////////////////^^^^^^ 


Cycle 


Cycle 1 








T3 


T4 


T5 


ft 


T/ 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


m 


Tl 


T2 


T3 


T4 


^ T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 


















































































w/M/m 




■ 










3 


LS Current PL Zone Gate 


















































































J 
























■ 




4 


New/Current PL 




New/current PL's may di 


fer 






























swvwvww- 






































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X- Address 


LA412 






7 


7 






^^7^ 


7 






















7 


7 




7 






































WMWM 












8 


'To Reg' Select 


LA402 
























































































9 


'From Reg' Select 


LA411 






















































































10 


LS to SAR 


KB411 


















































































W/jW///M 


11 


LS to MAR 


























































































12 


LS to FDR 


KB401 


















































































13 


LS to TDR 
















































































14 


MAR to LS 


LA702-712 


















































































\ 
















■ 




■ 












15 


Set ALU (I/O Bus) to LS 
























































































■ 




16 


LS Write 


LA302/313 






















































































17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 




















Uncondit onal 




























































20 


Increment by 1 


RA402 


















































































21 


Increment by 2 


RA403 


















































































i 










































■ 


22 


Decrement by 1 


RA401 


















































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








VW///////A 


WMMM 


//MMM, 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Inh 


MA401 




















0-15 to 0-15 














0-15 to 0-15 












































28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 


















































































31 


Eight Shift Control 


RBI 62 








Undefined 











No s lift 8 














No shift 8 












































32 


Shift by 2 or 4 


RBI 61 




































^^| 












































33 


No Shift 


RBI 62 




















0-15 














0-15^^^ 












































34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RBI 71 




















0-7 




























































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 


















































































40 


Invert Switch Control 


RB301 


















True 0- 


5, invert 8-15 = /true 00/ 










True 6-15, invert 0-1.5 = /0000/ 










































41 






















































































42 


ALU Control Gate 


AA301 






















OE 
















OE 












































43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 


















































































47 


ALU to Inh 


MA401 


















































































48 


ALU to SAR 


KB411 


















































































v/aw//;//, 


w/w/m 


49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































">1 




KA541 


( 1 
















































































52 


I/O Display Address Out 


y 
















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 


(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































19 




















































































60 




















































































61 




















































































62 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 




























■ - 






















































Afl 


Set Process Check 


CC122 














^^A^ 




A "y chk 












LSA/Mod 




Any chk 












IL5A^ 




































69 


Set LSA Check 


CC221 


\ 








. 












WSM//M 






™W/ 






















































70 


Set Mod Check 


CC101 


-i 


















































































71 


Set SU Check 


CC102 
























8-15 
















WMMMl 












































7? 


Set ALU Check 


f Any check 


















WM/////A 




























































73 


Set Bus Check 




















































































74 


Set SAR Check 


CC101 




















































































75 


Set Inh Check 


±1 














































Cycle of next microinstruction 





























Function signals: A Cycle EZ| Cycle | 



"Do not care" signals: ACycle I I Cycle | 



Diagram 5-21. Branch UncondiHonal (Indirect Addressing) (Part 2 of 2) (03726A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



A Cycle 




LS register 4 of the current 
LS zone (defined by the current 
program level) is stored into the 
'from reg' of the LS zone 
specified in the 'to reg' field. 



(Curre 


t zone 


) 




LS reg 1 

zone 2 

before execution 










• 1 ■> : 


C 


B 


:* i 


« 


1 
1 2 





' 1 


unchanged 












' 










LS reg 1 




1 






■> 


c 


B 


A 1 









a* 


licroinstruction L 








TT 


l|2 


1 3 1 4 | 


5 


1 6 | 7 


T 


9 | io |.n 


12 I 13 | 14] 


15 


Op Code 


To Reg 


From Reg 




8 


1 | 





| 1 |o 







o! 














Zone 







INST 
8221 



MNEM OPERANDS 
STR 2,1 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 
Rl PL2*=R4 



zone 2 
after execution 



T2 T3 T4 T5 



T6 T7 T8 Tl 



T2 T3 T4 15 



16 17 T8 Tl 



T2 T3 T4 15 



T6 T7 T8 Tl 



T2 T3 T4 15 



T6 \ 17 T8 Tl 



CORE STORAGE - 



Read out and 
regenerate mic 
instruction 




1 IAR ' 

L 8 _°±£ ?_J | 

1 I 

I I 

I I 

r~MAR "i 

I 1+2 

I L. 8 _°x?_ 2 _l 



I 



FSAR ~1 



TDR 

D C B A 








i 


i 


V 








D C B A 

1 1 Mill 








D C B A 






y 


' 


A 
B 






| OE 










i 


C 
D 










i 













| | | 








' 












1 




LS Reg 4 
D C ( B A 


(Current zone) 


From Reg 
D C, B A 



(LS reg 1 of LS zone selected 
by the 'to reg' field) 



Note: Zone selected by the 'to reg' field 
in the instruction 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle 1 I 

Cycle 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted li 



Diagram 5-22. Store Zone Register (Part "l of 2) (03727) 2020 > 50,000 FEMDM Vol 2 (8/69) 



No 


Name 


ALD 


m////M//M/MM//MM Read | Write ' 1 " ^ I 1 ' 1 1 1 1 r 1 


^^wmwMMWMMW%z?mm{ 


Cycle 




I 1 


1 




T3 


T4 


15 


16 




18 


Tl 


\Z 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 


















































































fMM/M/ 


HUUttMUi 








3 


LS Current PL Zone Gate 


J 
























■ 
























































4 


New/Current PL 


^WJAIWV 


Ne 
wjjawJSJ 


w/current 


PL's may d 


ffer 


^WUMMS 






mmV kVWJNMW ^VttUJUNs 


UMUMNM 


*^VNMN4 


^WUU\V 






















































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X-Address 


LA412 






7 


7 






7 


7 


4 
































































8 


'To Reg' Select 


LA402 


















































































■ 


9 


'From Reg' Select 


LA411 


















































































10 


LS to SAR 


KB411 


















































































W/MMW. 


11 


LS to MAR 


















































































W/MWM 


12 


LS to FDR 


KB401 


















































































■ „..„ 


13 


LS to TDR 


















































































14 


MAR to LS 


LA702-712 


















































































f_.„ :: 














■ 




15 


Set ALU (I/O Bus) to LS 




















































































■ 


16 


LS Write 


LA302/313 


















































































17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































21 


Increment by 2 


RA403 


i — — 








W/»J»?». 








































































22 


Decrement by 1 


RA401 


















































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 












?»»»»». 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Inh 


MA401 




















0-15 o0-15 




























































29 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 




















































































31 


Eight Shift Control 


RB162 








Undefined 




- 






Nos 


Lift 8 




























































32 


Shift by 2 or 4 


RBI 61 


















































































33 


No Shift 


RBI 62 




















0-15 




























































34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RB171 


















































































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 


















































































40 


Invert Switch Control 


RB301 


















True 0-15, invert 0-5 = / 


0000/ 


























































41 






















































































42 


ALU Control Gate 


AA301 






















OE 




























































43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 


















































































47 


ALU to Inh 


MA401 


















































































48 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 


Op Reg to Address Bus 


KA541 


















































































Jzzr , 












52 


I/O Display Address Out 


-< 
















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 




(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































W 




















































































60 




















































































61 




















































































6? 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 




























■ 






















































6? 


Set Process Check 


CC122 














L5A 




Any chk 












^^A^ 




















































69 


Set LSA Check 


CC221 


\ 




WMMMM/j 


W//M///M 








































































70 


Set Mod Check 


CC101 


\ 
















































































71 


Set SU Check 


CC102 


I 
























ATJLleH 
























































72 


Set ALU Check 


\. Any check 














































































73 


Set Bus Check 




















































































74 


Set SAR Check 


CC101 




















































































75 


Set Inh Check 


zz 




























Cycle of next microinstruction 













































Function signals: ACycle E3 Cycle | 



"Do not care" signals: ACycle I I Cycle | 



Diagram 5-22. Store Zone Register (Part 2 of 2) 



(03727A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 




The 'to reg' field specifies an 
LS zone (0 to 7), the 'from reg 1 
of which is loaded into LS 
register 4 of the current LS 
zone (defined by the current 
program level *,PL) ■. 



LS reg 1 | A j 



12,3 









Microinstruction 


.ayout 








o 1 


1 | 2 


1 3 |4 


5 1 6 | 7 


8 | 9 | 10 


M 


12 | 13 j 14 


15 


Op Code 


To Reg 


From Reg 




8 


1 o..| 


01 1 I 1 







1 












Zone 







LS reg 4 | A 
after operation 



INST 
8321 



MNEM OPERANDS 
LR 2,1 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 
R4*=R1 PL2 



Type 



Cycle 



T2 T3 T4 T5 



T6 T7 T8 Tl 



T2 T3 T4 T5 



T7 T8 Tl 



T2 T3 T4 T5 



CORE STORAGE - 



T6 T7 T8 Tl 



T2 T3 T4 T5 



T6 77 TB Tl 




Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle 




o I o I 



From Reg 
A B - C D 



(LS reg 1 of zone defined 
by the 'to reg' field in 
the instr) 



LS Reg 4 
A B . C D 



I IAR 



~l 




IAR 

8 4 


1 
1 




< 


l 


1 








2J 


-1-2 









Note: Zone selected by the 

'to reg' field in the instructor 



I I 

j_8_0j0_2_j 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted line 



Diagram 5-23. Load Zone Register (Part 1 of 2) (03728) 2020 > 50,000 FEMDM Vol 2 (8/69) 









1 


WMMMMMM/M Read 

^%3 A Cycle 






Write 






' 




' 




" 






















1 








r 




| 












- 


1 


Sense Trap Request Lines 


LAI 03 


T3 


T4 


T5 


WT///////A 
T6 


17 


T8 


Tl 


T2 


T3 


Cyc 
T4 


eO 
T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


2 


LS New PL Zone Gate 


KA511 








/ 




■ 




































































3 


LS Current PL Zone Gate 


t 








v^— 








































































4 


New/Current PL 


fwrorod 


New/current PL's may d 


iffer 








jjtowww. mwMM! mwra s\v\\\\\\v 




MvW!« 






















































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X-Address 


LA412 






7 


7 






7 














^^l 






















































8 


'To Reg' Select 


LAMS 


















' 
































































■ 


9 


'From Reg' Select 


LA411 


















































































10 


LS to SAR 


KB411 






zzmm 












































































11 


LStoMAR 






■ 












































































MMiMMMi 


1? 


LStoFDR 


KM01 




















































































13 


LStoTOR 


















































































14 


MARtoLS 


LA702-712 


f 












m 




































































15 


Set ALU (I/O Bus) to LS 
























































































16 


LS Write 


LA3Q2/313 


















































































17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































2P 


Increment by 1 


RA402 


















































































21 


Increment by 2 


RA403 


j 


\7777n77m 














































































22 


JBssrMMoLfcx 1 


RA401 
















































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








»»»»»». 


WW///M 


VmvmuvA 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Ink 


MA401 




















0-15 


o0-15 




























































29 


SDR to Op Reg 


KB102 


















































































29 




















































































30 


SDR to TDR 


KB402 


















































































■ 


31 


Eight Shift Control 


RBI 62 








Unde 


fined 




- 






No shift 8 




























































32 


Shift by 2 or 4 


RBI 61 




















| 




























































3? 


No Shift 


RBI 62 




















0-15 




























































34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RBI 71 


















































































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 


















































































40 


Invert Switch Control 


RB301 


















True 0-15, invert 0-15 = /0000/ 


























































41 






















































































42 


ALU Control Gate 


AA301 






















OE 




























































43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 


















































































47 


ALU to Inh 


MA401 


















































































48 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 


Op Reg to Address Bus 


KA541 


j 
















































































y 












52 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 




(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































99 




















































































60 




















































































61 




















































































*? 




















































































63 




















































































64 




















































































tf 




















































































66 




















































































67 


Set ALU Test Larch 


CC121 


















































































■ 


ff 




CC122 


















Any chk 












^^A. 




















































& 


Set ISA Check 


CC221 


\ 
















































































79 


Set Mad Cheek 


CC101 


— ^ 


















































































71 


SetSUCheck 


CC1Q2 


























AT8 .m 
























































72 


Set ALU Check 


y Any check 














































































73 


Set Bus Cheek 




















































































74 


Set SAR Check 


CC101 




















































































75 


Set Inh Check 


±L 




























Cycle of next microinstruction 













































Function signals: ACycle EZ3 Cycle | 



"Do not care" signals: ACycle CD Cycle | 



Diagram 5-23. Load Zone Register (Part 2 of 2) 



(03728A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



The 'from reg' is split according 
to the selected split mode (0 to 3). 
The result of the split is set into the 
'to reg' and the next highest LS 
register ('to reg' + T). The 'to reg' 
must be an even numbered register 
(but not 6) otherwise the data to be 
placed into the next highest LS 
register will be lost. 

Address check is ignored. The 
'from reg' remains unchanged. 
'From reg' and 'to reg' may be the 
same LS register. 



LS reg 5 | A [ B 


c > 1 








WMMWA a b 


««L^ 


D 


'Wmki^<- d 


mm. 


A B 


C 


WmmF 


A 


ifllli 


B C 


D 


Wmm§> 


D 




A B 


C 









Micro 


nstruction Layout 








~v\ 


1 1 2 | 3 


4 


5 | 6 


7 


8 | 9 | 10 | 11 


12 | 


13 


| 14 | 15 


Op Code 


Split 


AC 


To Reg 


From Reg 


8 |.l 







o 1 


o 1 








1 


t * DD t 

1 Without effect 








1 






1 1 





MVHSO 
MVHS 1 
MVHS2 
MVHS 3 
____4 




INST 


MNEM 


OPERANDS 


8825 


MVHS 


2, 5,0 


8A25 


MVHS 


2,5,1 


8C25 


MVHS 


2,5,2 


8E25 


MVHS 


2,5,3 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 



R2*='00'/R5.0-7,R3 ='00'/R5. 8-1 5 
R2*='000«/R5. 12-15, R3 =»0>/R5.0-ll 
R2*=SL 2 '000' /R5. 0-3, R3 =«0'/R5. 4-15 
R2*=SL2 «000'/R5. 12-15, R3 ='0'/R5. 0-11 





T8 Tl T2 T3 T4 T5 T6 T7 T8 Tl T2 T3 T4 T5 T6 T7 



T2 T3 



CORE STORAGE - 



Read out and 
regenerate mic 






A 


B 






No Shift 




W////////M//////////A I I 




, A 


B 





No op reg bits 8 and 12 
= DD type 





A B C 


D 






No Shift 




WMWMM///M//MM 1 




0,0 


D 





TDR 

A B C D 



A B 




1 | 


A 


1 


'wmmmm 


1 





, 2 



A B C D 


1 | B I C 


D 


00 


v mmmmmm, 


1 




0,3 


4 



C°L 




I I 1 



From Reg 
A B , C D 















1 








o 1 





, A 



i mar ; 

! 8 0.0 2 ' 



1 | , 0D 
2 | 0,7" 



3 10 0,3 4 



SAR ! 

8 2 ! 




ACycle 2-Cycle2 



A Cycle - Cycle (read out next microinstr) 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle 





A B ' C 


D 






No Shift 




w/mwmwa i i 




, c 


D 







A 


B 


C 


D 









A 


B 


C 




W////M 




I 


1 







A 


B 


C 







A 


B ' C 


D 






No Shift 




wmm i i i i 







B , C 


D 







A 


B 


C 


D 









A 


B 


C 




■W///////A 




1 


1 







A 


B 


C 





To Reg + 1 
0, C D 



(LS reg 3) 



10 A, B C 



2 | B, CD 



3 1 A, 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

Diagram 5-24. Move Halfword and SpliK(DD) (Part 1'of 2) (03729) 2020 > 50,000 FEMDM Vol 2 (8/69) 



No 


^ 


ALD 


mmmm^WMmm ^ \ Wri f w///////////////^^^^^ i , . i i 1 ■ \ . 




WMMmMMMMmmmmmfmmt. 


Cycle 


Cycle 2 








T3 


T4 


T5 


T6 


V 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 


















































































MS/MM/. V//////////A 






1 




■ 




3 


LS Current PL Zone Gate 


\ 
























— - 






■r '■ 


















































4 


New/Current PL 


-S 




New/current PL's may differ 








































































-XWWWN 






sS\S\\Wtt 


mww: 


s\\\\\\\SS\S 






















mmSNNN N\\\\s\\\\\n 


m\w\s 


WWWSW 


rnswm 


^WWWS^ 


5 


CE LS Select 


CC222 


































































Note: The 'to reg' is increased by 1 by forcing the 
low order bit. 








6 
















































^ 




^ 'To reg' in the i 


nstr increased by 1 


















7 


Fixed X-Address 


LA412 






7 


7 






7 


7 


























/ 




V" 




















Force Bit = 011 (3) 








WAS////M 


WM////M 






8 


'To Reg' Select 


LA402 








































i 




\ 




















Thus, split can be performed only when 'to" 








■ 












j' field in the instr contains an even 
lary number. 


9 


'From Reg' Select 


LA411 










































\ 




J 




















bi 








10 


LS to SAR 


KB411 










































\ 


^ ^ 






































W//MSJM 




11 


LS to MAR 


















































































V//MM/// 




12 


LS to FDR 


KB401 




















































































13 


LS to TDR 


















































































14 


MAR to LS 


LA702-712 


x 






































































































m 








■ 




15 


Set ALU (I/O Bus) to LS 






















































































■ 




16 


LS Write 


LA302/313 














































































17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































?1 


Increment oy 2 


RA403 


\ 
















































































?2 


Decrement by 1 


RA401 


















































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








y;/;;;;;y>/A 




y/w/w/A 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































?7 


SDR to Inh 


MA401 




















0-15 


to 0-15 














0-15 to U-15 












































28 


SDR to Op Reg 


KB102 


















































































30 


SDR to TDR 


KB402 


















































































■ 
























































































31 


Eight Shift Control 


RBI 62 


















TD 


0-7 to SU^5onK 














N 


o shift 8 












































32 


Shift by 2 or 4 


RBI 61 


MV 


HS0 














































































33 


No Shift 


RBI 62 


































0-15 












































36 


Suppress 


RBI 71 




















^^^^J 














0-7 












































31 


Eight Shift Control 


RBI 62 








JJndef 


ned 











No shift 8 J 














No shift 8 












































32 


Shift by 2 or 4 


RBI 61 


MV 


HS 1 
















^^| 














Shift right by 4 












































33 


No Shift 


RBI 62 




















0-15 




























































36 


Suppress 


RBI 71 




















0-11 














0-3 












































31 


Eight Shift Control 


RBI 62 




















DR 0-7 to SU 8-15 only 












No shift 8 












































32 


Shift by 2 or 4 


RBI 61 


MVHS2 
















Shif^c 


ht by 2 














| 












































33 


No Shift 


RBI 62 




































0-15 












































36 


Suppress 


RBI 71 




















0-7 and 14-15 














0-3 












































31 


Eight Shift Control 


RBI 62 








Unde 


fined 










No shift 8 














No siift 8 












































3? 


Shift by 2 or 4 


RBI 61 


MVHS 3 
















^hift left by 2 














Shift right by 4 












































33 


No Shift 


RBI 62 




















T ■" , " 














1 












































36 


Suppress 


RBI 71 




















'0 


-y 

















-3 




























































































































































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 


















































































40 


Invert Switch Control 


RB301 


















True 0-15, invert' 0-1 5 = /0000/ 










True 0-15, invert 0-15 = /0000/ 










































41 




















































































42 


ALU Control Gate 


AA301 






















OE 






/K 








OE 












































43 


Additional Carry 1 


AA302 




























/ ' \ 




















































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 
















































































46 


Set Condition Code Latches 






























End op 

cycle 

if 'to-reg' field in 

the instr contains 

an odd binary number 




















































47 


ALU to Inh 


MA401 














































































48 


ALU to SAR 


KB411 


























/ 




















































50 


Data Switch to Op Reg 


KB402 














































































51 


Op Reg to Address Bus 


KA541 


\ 
















































































52 


I/O Display Address Out 




















































































53 


Allow Strobe 




















































































54 


SENS Strobe/Control Strobe 


BA102 




Displ SENS strobe 












































































55 


Sense Reset/CTRL Strobe 




















































































56 


Prevent ALU and SU Check 


BA103 












































































- 






57 


I/O Bus to FDR 




















































































67 


Set ALU Zero Latch 


CC121 


















































































P 




68 


Set Process Check 


CC122 














^^A^ 




Any chk 












LSA/Mod 




Any chk 












^^A 




































A9 


Set LSA Check 


CC221 


\ 




y//////zvz 


WAV/WAV?, 














V/M/////A 


























































70 


Set Mod Check 


CC101 




















































































71 


Set SU Check 


CC102 


( 
























8-15 






















































ATRfflMI 




AT8^H 




SO 8-15, others U-13 


72 


Set ALU Check 




>Any check 






















































































73 


Set Bus Check 




1 
















































































74 


Set SAR Check 


CC101 


-1 
























V7777/Z//7Z 
























































75 


Set Inh Check 




1 














































Cycle of next microinstruction 





























Function signals: A Cycle E 



Cycle 1 



Do not care" signals: ACycle I I Cycle 



• Diagram 5-24. Move Ha If word and Split (DD) (Part 2 of 2) (03729A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



The ha If word read out by the 
'from reg 1 is split according 
to the selected split mode (0-3). 
The result of the split is set into 
'to reg' and the next higher LS 
register ('■to reg' + 1). The 'to 
reg' must be an even numbered 
register (but not 6) otherwise the 
data to be placed into the next 
higher LS register is lost 



If the AC bit (instruction bit 7) 
is on, an address check occurs 
when the 'from reg' address is 
outside customer area. The 'from 
reg' address is incremented by 2. 

The core storage halfword read 
out by the 'from reg' remains 
unchanged . 



before execution 



LS reg 6 1 
after execution 








Microinstruction Layout 




3 


1 1 2 I 3 I 4 


5|6 


7 


8 I 9 1 10 I 11 


12 | 13 I 14 1 15 


Op Code 


Split 


AC 


To Reg 


From Reg 


8 | 1 







o 1 


1 1 






1 


T 


^ DX ^ 




1 


If on/ 'from address' is checked that 




1 1 


it is not outside customer area 



MVHSO 
MVHS 1 
MVHS 2 
MVHS 3 



MNEM OPERANDS 



890E 


MVHS 


0,61,0, AC 


8B0E 


MVHS 


0,61, 1, AC 


8D0E 


MVHS 


0,61, 2, AC 


8F0E 


MVHS 


0,61, 3, AC 



STATEMENT? ACCORDING TO STANDARD CEB 0-1046-XXX 

R0*=»00»/HW(R6,AC).0-7,R1 =»00«/HW(R6,+2). 8-15 
R0*=»000«/HW(R6, AC). 12-15, Rl =»0»/HW(R6,+2). 0-11 
R0*=SL2 »000»/HW(R6,AC).0-3,R1 =»0»/HW(R6,+2). 4-15 
R0*=SL2 *000«/HW(R6,AC). 12-15, Rl =*0» HW(R6,+2). 0-11 



Typ* 



A Cycle 




A Cycle 2 



Cycle 



Cycle 1 



CORE STORAGE - 



Read out and 
regenerate micro- 



J SDR 



Read out and 
regenerate 
'from operand' 



[_8 9^0 

i *Tb) " 








2 (D) 

3 (F) 


Op Reg 
8f9|fo~T) 


AC<! (B) "1 
[(F) 








T 




Not op reg 
= DX type 


bit 


8, 


jut bit 12 



r-n 



LJ.^ojLi 



..i. 



L8__0_ t 0_2_j 





IAR 
8 


4 




4 


i 









(NSI) 



-I-- 



i SAR i 

•8 0,0 2 ' 



1 



— I— 

SDR 



u 2_ _ i. _ _ _ 




' A 


B 


No Shift 


mmmmmm i i i 


, A 


B 





A 


B ' C 


D 


No Shift 






wmwmMM 


1 







, 


D 



A 


B 


C 


D 





A 


B 


C 


Wffiffik 




I 


1 





A 


B 


C 













A 


B 




I 





1 







A 


1 


W%MM%%MZ\ 


1 


m 



T~TT 



A B C 


c 




1 0| B | C 


D 


00 


wmmsmmm 


1 








A 


B 


C 


wmm 




1 


1 



-V-2] 



i From Reg I (LS reg 6) 



i MAR 



} 


f 










1 ™ 








1 OE 


i 







V 




i 





I | 















To Reg 
0,A B 







I I I 



1 I ,0 D 
2 | 0,2 8 



3 1 0,3 4 



i SAR 




A Cycle 2 - Cycle 2 



A Cycle - Cycle (read out next microinstr) 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 



To Reg +1 
0, C D 



1 A. B C 



B ,C D 
| A, B~ 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

• Diagram 5-25. Move Halfword and Split (DX) (Part I of 2) (03730A) 2020 > 50,000 FEMDM Vol 2 (8/69) 



No 


Name 


ALD 


t^^MWMm.. . j°f Q i wjte | , Read c | ^ . i Wnte immmm^^Mmmmmmmmmmmm i 1 ' t 


mmhmmmmmmmmm^mm 


Cycle 


Cycle 1 


Cycle 2 


« 




T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 






AAAAAAAAAAA 


'AAAAAAAAAAA 






■ 
















■ 








m 










































3 


LS Current PL Zone Gate 


i 






























m 










■ 








































4 


New/Current PL 


}MWJMM 


New 


^current P 


's may dif 


er 








































































5 


CE LS Select 


CC222 








































































6 




































































■ Note: The 'to reg' is increased by 1 


by 










7 


Fixed X-Address 


LA412 






7 


7 






7 


^_^^ 












1 




1 


























/ ' 


W' 


forcing the low order bit. 
Example: "To reg' =010 (2) 
Force bit = 01 1 (3) 
Thus, split can be performed 
when 'to req' field in the inst 












8 


*To Reg' Select 


LA402 


























































f 




1 














9 


'From Reg' Select 


LA411 
















' 










































V 




H 




snly 

r 










™ 


W/MASM 


WAAAAAAAA/ 


10 


LS to SAR 


KB411 




























































^ 


T 




contains an even binary number 










MMMWii 


VAAAAAAAAAA 




11 


LS to MAR 


















































































VMWM 


WMM/fa 






12 


LS to FDR 


KB401 


















































































■ 


13 


LS to TDR 


















































































14 


MARtoLS 


LA702-712 


J 


1 














































































15 


Set ALU (I/O Bus) to LS 




























m 










■ 












































16 


LS Write 


LA302/313 


















































































VAAAAAAAAAA 


17 




















































































18 


Set Address Check 


RAS01 






















If AC bit = 1 




(High/low, halfword boundary) 
















































WMWM, 


19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































71 


Increment by 2 


RA403 


J 











































^ 
















_ 






















22 


Decrement by 1 


RA401 













































■ 






' 








P 






















23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








W////////J. 


VAWAVM 


v//////////. 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Inh 


MA401 




















0-15 o0-15 














0-15 to 0-15 














0-15 to 0-15 




























29 


SDR to Op Reg 


KB102 


















































































30 


SDR to TDR 


KB402 


















































































■ 
























































































31 


Eight Shift Control 


RBI 62 


















T 


3R 0-7 to SU 8-1 5 only 










TDR 0-7 to SU 8-15 o 


nly 






. 






No shift 8 




























32 


Shift by 2 or 4 


RBI 61 


MVHS0 
















































1 




























33 


No Shift 


RBI 62 




















0-15 
^ 














0-15 










































36 


Suppress 


RBI 71 




















oiz 














0-7 










































31 


Eight Shift Control 


RBI 62 








!— Un l 


jfined _ 







■ 




No shift 8 














No shift 8 














No shift 8 




























32 


Shift by 2 or 4 


RBI 61 


M^ 


/HS 1 
































1 1 














Shift right by 4 




























33 


No Shift 


RBI 62 














m~ " 






0-15 
Z-fZ 














0-15 














1 




























36 


Suppress 


RBI 71 




















0-11 

i Y 












^ aam 


0-11 














0-3 




























31 


Eight Shift Control 


RBI 62 


















T 


DR0-7toSU 8-15 o 


nly 










TDR 0-7 to SU 8-15 only 













No shift 8 




























32 


Shift by 2 or 4 


RBI 61 


Im\ 


'HS2 
















Shift ri 


ght by 2 














Shift right by 2 














1 




























33 


No Shift 


RBI 62 




































I 














0-15 




























36 


Suppress 


RBI 71 














■ 






0-7 and 14-15 
^f 














0-7 and 14-15 














0-3. 




























31 


Eight Shift Control 


RBI 62 








Und« 


sfined 










No shift 8 














No shift 8 














No shift 8 




























32 | 


Shift by 2 or 4 


RBI 61 


ImvHS 3 










w? 






Shift left by 2 














Shift left by 2 














Shift right by 4 




























33 


No Shift 


\ RBI 62 




















[ 




























































36 


Suppress 


RBI 71 




















0-9 














0-9 














[0-3 






































































































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 


















































































40 


Invert Switch Control 


RB301 


















True 0-1 


5, invert 


D-15=/0000/ 










True 0-15, invert 0-15 =/0000/ 










True 0-15, invert 0-15 =/0000/ 














































































































42 


ALU Control Gate 


AA301 






















OE 
















OE 
















OE 




























43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 












































End ^ 




































146 


Set Condition Code Latches 














































cycle 1 

if 'toreg' field in 

the instr contains 

an odd binary numbe 




































47 


ALU to Inh 


MA401 














































































48 


ALU to SAR 


KB411 














































































150 


Data Switch to Op Reg 


KB402 












































































|51 


Op Reg to Address Bus 


KA541 


f 
















































































|52 


I/O Display Address Out 




















































































J53 


; Allow Strobe 




















































































!54 


, SENS Strobe/Control Strobe 


BA102 




(Displ SENS strobe) 












































































55~ 


Sense Resei/CTRL Strobe 




















































































56 


1 Prevent ALU and SU Check 


BA103 


















































































157 


I/O Bus to FDR 




















































































67 


Set ALU Test Latch 


CC121 










































., 








































■ 


■ 




68 


Set Process Check 


CC122 














L5A 




Any chk 












LSA/Mod 




Any chk 












LSA^od 




Any chk 












L£A 




















69 


Set LSA Check 


CC221 


\ 






VAA/A//AW. 














VAAAAAAVA?. 




'AAAAAAAAAAA 












VAAAAAAAAAA^ 












































79 


Set Mod Cheek 


CC101 


















































































VAAAAAAAAAA 


71 


Set SU Check 


CC102 


( 






















AT8^ 


15 














AT8MH 


15 














AT8MH 


mbMVHSO 8-15, others 0-15 
















72 


Set ALU Check 


\ Any chk 














































































73 


Set Bus Check 


i_ 
















































































74 


Set SAR Check 


CC101 


1^ 
















































































VAAAAAAAAAA, 


AAAAAAAAAAA 


75 


Set Inh Check 


J 






























































Cycle of next microinstruction 













Function signals: ACycle E2I Cycle | 



"Do not care" signals: ACycle I I Cycle | 



• Diagram 5-25. Move Halfword and Split (DX) (Part 2 of 2) (03730A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



Example: Shift left by 2 



The 'from reg' is shifted left or 
right as specified in the shift- 
amount field (bits 5, 6, 7 of the 
microinstruction). The shift 
result is set into 'to reg'. The 
'from reg' remains unchanged. 

'From reg' and 'to reg' may be 
the same LS register. 












Microinstruction 


ayout 








~7T 


1 1 2 1 3 


4 


5 


1 6 |7 


8 


9 | 10 | 11 


12 


13 


14 1 15 


Op Code 


Shift 


To Reg 


From Reg 


9 

















9 


1 















SLM 
SRM 



Shift left by 2 bit s / 




LS reg 3 J£ 

after execution 



INST 
9033 



MNEli OPERANDS 
SLM 3,3,0 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 
R3*=SL0 R3 



A Cycle 




CORE STORAGE - 



Read out and 
regenerate mic 



f~SDR ~i 



Op Reg 
9 |3 3 



SLM (0-6) 
SRM (8-E) 



!*_; 



OR 



1 MM 





I 1 



DO Dl ,D2 D3 



1 M 

L _8_0_ L 0_2_j | 

I 
I 

I MAR 

I 

|_8_0_l0_ 



. 4 



.J__. 



TsAR ] 

I ■ ■ I 

L_8_0_j_0_2 J 



T 



SLM 

SLM 2 

SLM 4 

SLM 8 

SLM 10 

SLM 12 



SRM 

SRM 2 

SRM 4 

SRM 8 

SRM 10 

SRM 12 



u-instr 

bits 

567 



000 
00 1 

1 

1 00 
1 1 
1 1 



00 
00 1 



I DO 1 Dl 1 D2 1 [ 



j°\ D1 I M l D , 3 TI 



$$k Dl I D2~ 



|j^M|^ D2 | D3 1 T~0 



'2 | D3 I [ |0 
[ Q 



DO | Dl 1 D2 | D3 1 



DO | Dl D2 Dl 



DO Dl D2 §D3| 



. . DO I Dl J»|, 

o| o I o I do I diMdMdI,, 

I I I DO p]«« 



I 






To Reg 
Shift Result 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

Diagram 5-26. Shift Left/Right and Mov4 (DD) (Part 1 of 2) (03731) 2020 > 50,000 FEMDM Vol 2 (8/69) 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle WMZ3 



No 


*- 


W/MMM//MM///M/M Read | Write | > • | - " 1 ' | 1 1 1 j— , 


ALD 


WM^MMmmMMMmMmmm, 


Cycle 




r- 1 _ 


1 




T3 


T4 


T5 


T6 


17 


T8 


T1 


T2 


T3 


T4 


T5 


T6 


17 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


17 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


17 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS Mew PL Zone Gate 


KA511 


















































































WMMM. '///////////J 


■ J 






3 


LS Current PL Zone Gate 


, 
















































































\ 












■ 




4 


New/Current PL 




to^si 


New/ 


current PL's may differ 


<UNNNUN 






<KMUHNS HUHUMK ^Vk^SkVM k<UttmSU 


<KKUNKU 


KKKNHK 






















































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X-Address 


LA412 






7 


7 






, 7 


7 


































































rW/SttfM 


WffltfM/i 






8 


'To Reg' Select 


LA402 


















































































9 


'From Reg' Select 


LA411 


















































































10 


LS to SAR 


KB411 


















































































rWrW/d 


11 


LS to MAR 


















































































WATAWAU 


12 


LS to FOR 


KB401 




















































































13 


LS to TDR 


















































































14 


MAR to LS 


LA702-712 


















































































\ 


















15 


Set ALU (I/O Bus) to LS 






















































































■ 


16 


LS Write 


LA302/313 


















































































17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































21 


Increment by 2 


RA403 


\ 




MWSSMWt 


VMS/MM 


iW/MWAl 


WAW//M 

















m 






















































22 


Decrement by 1 


RA401 


















































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod^SAR-lnh Check 


KA511 








www;;;. 


•MVMWM. 


/MWMMV. 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Inh 


MA401 


































Shift Left 
by: 


Shift Right 
by: 
































28 


SDR to Op Reg 


KB102 
































































29 






































12 


10 


8 


1 





12 


10 


8 


4 


2 



































30 


SDR to TDR 


KB402 


































4 


L 
































■ 


31 


Eight Shift Control 


RBI 62 


















Byte shift left or right 











— 


X 


>< 


>x 








S 


X 


:x 






































32 


Shift by 2 or 4 


RBI 61 




















Lefr/riqht by 2 or 4 










— 


x 


X 


?" a 


XX 




X 


X 




XX 


































33 


No Shift 


RBI 62 




















0-15 
















X 






X 






X 






X 




































34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RBI 71 


















































































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 


















































































40 


Invert Switch Control 


RB301 


















True 0-15, invert 0-15 = /0000/ 


























































41 






















































































42 


ALU Control Gate 


AA301 






















OE 




























































43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-1 1/12-15 




















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 




















































































47 


ALU to Inh 


MA401 


















































































48 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 


Op Reg to Address Bus 


KA541 


t 
















































































52 


I/O Display Address Out 


















































































53 


Allow Strobe 




















































































54 


SENS Strobe/Control Strobe 


BA102 


( 


Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































w 




















































































60 




















































































61 




















































































6? 




















































































63 




















































































64 




















































































6? 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 


















































































m 


68 


Set Process Check 


CC122 














LSA 




Any chk 












LSA 




















































69 


Set LSA Check 


CC221 


\ 














































































7P 


Set Mod Check 


CC101 






I 










































































71 


Set SU Check 


CC102 


I 























































































72 


Set ALU Check 


/Any check 














































































73 


Set Bus Check 


















































































74 


Set SAR Check 


CC101 


T^ 
















































































75 


Set Inh Check 


/ 






























Cycle of next microinstruction 













































Function signals: A Cycle VZ71 Cycle ^H "Do not care" signals: ACycle [ 



Cycle 



Diagram 5-26. Shift Left/Right and Move (DD) (Part 2 of 2) (03731A) 



2020 > 50,000 FEMDM Vo! 2 (8/69) 



The ha If word read out by the 
'from reg' is shifted left or 
right as specified in the shift- 
amount field (bits 5, 6, 7 of the 
microinstruction). 

The shift result is set into 
the ' to reg ' . 

The core storage halfword 
read out by the 'from reg' 
remains unchanged. 



Example: Shift left by 4 

From reg 

LS reg 2 | 1 \ 2 I 3 | 4~j Remains unchanged 

l _ — R ea d out addressed halfword — H A \ B | C | D I 

Remains unchanged 
Shift left by 4 bits 









Mic.oinstru 


ction 


Layout 










m 


1 1 2 | 3 


4 


5 |6 |7 


8 


r_ 9'j 10 1 11 


12 


13 


14 


15 


Op Code 


Shift 


To Reg 




Frorr 


Req 




9 












1 




9 


1 









1 





SLM 
SRM 



To reg 
LS reg 1 | 6 , 
before execution 



s ; 9 i 



u 




LSregl | B \ C I D i I Shift result 
after execution 



INST 
901A 



MNEM OPERANDS 
SLM 1,21,0 



STATEMENTS ACCORDING TO STANDARD CI^B 0-1046-XXX 
R1*=SL0 HW(R2) 




T6 T7 T8 Tl 



T3 | T4 | T5 



CORE STORAGE - 



T6 | T7 | T8 | Tl 



T3 T4 T5 



Read out and 
regenerate micro- 
instruction 

"I T 



I 



.i_ 



Read out and 

regenerate 

'fr om o p erand ' 



Op Reg 

9 , 1 A 



SLM (0-6) 
SRM (8-E) 



'.8_0 + 0_2J ] 



L_ H _ U -L U . 



._i_ 



I i 



Tsar 1 ""! 
l_ 8 _°x_°_ 2 J 







IAR 




8 4 




, 


k 


| + 2 













I ^ L 

lDOJDIjD^DsJ 



TDR 
DO Dl D2 D3 



X 



I II 1 1 





1 



J From Reg j (LS reg 2) 

U_L|Lij 



SLM 

SLM 2 

SLM 4 

SLM 8 

SLM 10 

SLM 12 



SRM 

SRM 2 

SRM 4 

SRM 8 

SRM 10 

SRM 12 



000 
00 1 

1 

1 00 
1 1 
1 1 



y B§S¥ l ?\ I p I ° 



000 
00 1 

1 

1 00 
1 1 
1 1 



J DO I Dl 1 D2 | D3~ 
J%i0 1 Dl 1 D2 1 D3 1 0' 
'%M Dl 



m 



'wmm , 



\T\T 



DoTdI 1 D2 I D3 I L 7 f 



W | U\ | Ui I DO I / 

0| DO 1 Dl I D2 I DM / 
DO Dl D2 Wm~ 



v, | | DO | Dl Wffl0 $L 
| 1 | DO | d'^^ 



1 6 I | DO pIMp^D^ 



TDR 
8 shift 



I 
I 

I 

X 
X 
X 



I 

I 
I 

X 
X 
X 



To Reg 
Shift Result 



(LSreg 1) 



TsIr" 1 ~ "j 
Ll2.i3. 4 j 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

Diagram 5-27. Shift Left/Right and Move (DX) (Part 1 of 2) (03732) 2020 > 50,000 FEMDM Vol 2 (8/69) 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals^ 
ACycle I I 

Cycle 





No 


Name 


M«MMM«J Read | - Write | Read | ~ e 1 T— ; p , , ; f 

V///////A<Z\ k A Cycle 1 ' ACveU 1 » 1 ' " 1 ' — ' ' 1 ' ' 




ALD 


^^^^^^^^^^^^^^^^ 


Cycle 


Cycle 1 


1 






T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


77 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 




1 


Sense Trap Request Lines 


LAI 03 




















































































2 


LS New PL Zone Gate 


KA511 




















































































, £MM!tt& 


W//MM2L 




WMWMt m 










3 


LS Current PL Zone Gate 




\ 


















































































4 


New/Current PL 




VkwkvN 


New/current PL's may differ 
























^w^^d 


VWWVV^WVS 


SWWWWWV^ 


kvsssssj^ 


Us\^V\V\^ 


b\vv\\^J 








































5 


CE LS Select 


CC222 




















































































6 
























































































7 


Fixed X-Address 


LA412 






7 


7 






7 


^7^ 












1 




1 




















































WAWMM 


MWMMA 


■ 








8 


'To Reg' Select 


LA402 
























































































9 


'From Reg' Select 


LA411 




















































































m 


WSAWM 






10 


LS to SAR 


KB411 






















V//W//M. 






























































11 


LS to MAR 




















































































'MMMWt 








12 


LS to FDR 


KB401 
























































































13 


LS to TDR 
























































































14 


MAR to LS 


LA702-712 




















































































\ 
























IN, 










15 


Set ALU (I/O Bus) to LS 
































































































16 


LS Write 


LA302/313 




















































































17 
























































































18 


Set Address Check 


RA501 




















































































19 


Branch Go 


RA502 




















































































20 


Increment by 1 


RA402 






























































































21 


Increment by 2 


RA403 


\ 


'WW77ZT& 


V/MW/W. 




W//MWM 


'WW////// 
























■I 








■ 








































22 


Decrement by 1 


RA401 






























































































23 


Decrement by 2 


RA402 




















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








V/WAWM 


WMM/M 


WMMM 








































































25 
























































































26 


Prevent Storage Use 


MA402 




















































































27 


SDR to Inh 


MA401 




















0-15 


to 0-15 














0-15 to 0-15 












Shift Left 
by: 


Shift Right 
by: 


















28 


SDR to Op Reg 


KB102 


































































29 






















































12 


10 


8 


4 


2 





12 


10 


8 


4 


2 





















30 


SDR to TDR 


KB402 


































































31 


Eight Shift Control 


RBI 62 


























Byte shift left or right 



















_ 


>< 


>< 


l^. 








^ 


>< 


:x 
























32 


Shift by 2 or 4 


RBI 61 




























Left/right by 2 or 4 


















- 


s: 


S< 


>^ — ^ 


xx 




g 


X 


?*■ — ^ 


XX 




















33 


No Shift 


RBI 62 




























0-15 
























^ 




X 






X 






X 


















34 


Test Packed Byte or Sign 


RA502 




















































































35 


Normalize Sign Active 




















































































36 




RBI 71 




















































































37 
























































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 












































i 






































40 


Invert Switch Control 


RB301 


















True 0^15, invert 0-15 =/0000/ 










True 0-15, invert 0-15 = /0000/ 










































41 






















































































4? 


ALU Control Gate 


AA301 






















OE 
















OE 














































43 


Additional Carry 


AA302 




















































































44 


Six Correction 8-11/12-15 




















































































45 


Set Carry Latch 


AA402 




















































































46 






















































































47 


ALU to Inh 


MA401 




















































































48 


ALU to SAR 


KB411 




















































































49 
























































































50 


Data Switch to Op Reg 


KB402 




















































































">1 




KA541 


t 1 


















































































52 


I/O Display Address Out 




















































































53 


Allow Strobe 




















































































54 


SENS Strobe/Control Strobe 


BA102 




(Displ SENS strobe) 














































































55 


Sense Reset/CTRL Strobe 




















































































56 


Prevent ALU and SU Check 


BA103 




















































































«>7 






















































































58 
























































































5? 






















































































60 






















































































61 






















































































62 






















































































63 






















































































64 






















































































65 






















































































66 






















































































67 


Set ALU Test Latch 


CC121 




















































































68 


Set Process Check 


CC122 














LSA 




An * chk 












^A/Mod 




Any^ 












^^A^ 






































69 


Set LSA Check 


CC221 


\ 




WMMM 


WAW/AW 














y/;/;/////A 






pw// 
























































70 


Set Mod Check 


CC101 




















































































71 


Set SU Check 


CC102 


1 
























ATBflH 
















^T8BBi 










































72 


Set ALU Check 


> Any check 
















































































73 


Set Bus Check 




















































































74 


Set SAR Check 


CC101 


7~ 


















































































75 


Set Inh Check 


±Z 














































Cycle of next microinstruction 





























Function signals: ACycle E2 Cycle | 



"Do not care" signals: ACycle f~~l Cycle | 



• Diagram 5-27. Shift Left/Right and Move (DX) (Part 2 of 2) (03732A) 



2020 > 50/000 FEMDM Vol 2 (8/69) 




The 'from reg' is shifted left 
or right as specified in the shift 
amount field (bits 5, 6, 7 of the 
microinstruction). The shift 
result is stored into the core 
storage halfword addressed by the 
'to reg'. The 'from reg' remains 
unchanged. 



Example: Shift right by 4 









Microinstruction 


.ayout 








TT 


, |,|3 


' 


5| 4 |7 


8 | 9 | 10 


11 


,2 


13 | 14 | 15 


Op Code 


Shift 


To Reg 


From Reg 


9 







1 









9 


1 




1 










SLM 
SRM 



I . 



Read out addressed halfword 

before executior 



LS reg 4 j_ 



3 i 



Sh ift right by 4 bits 



INST 
90B4 



MNEV OPERANDS 
SLM 31,4,0 



STATEMENTS ACCORDING TO STANDARD OOB 0-1046-XXX 
HW(R3)*=SL0 R4 



T4 T5 T6 TV T8 T1 T2 T3 T4 T5 T6 T7 T8 Tl 



CORE STORAGE - 



Read out and 
regenerate mic 



!~SDR "• 



j_9_0j_B_4_, 



Read out i 
'to operand' 



I I 

|~SDR J 

I I 

L_C_Cj_C_CJ 



Store halfword 
into position 
addressed by 

'to reg' 

J, 



Op Reg 
9 . B 4 



SLM (0-6) 
SRM (8-E) 



TDR 

DO Dl D2 D3 



r 



X 






J. 



I I I I I 















rv 








o 1 





From Reg 
DO Dl D2 D3 



[~To Reg ~j (LS reg 3) 

L_ 4 _ 3 4- 2 _ 2 J 



L_ 8 _°L_° J J 



I 



4 

—; — 



Fmar " I 

| I |+2 

L 8 _°J.°_ 2 _I 



I 

TsaT "i 

I I 

L_8_0j_0_2 J 



Tsa7 - "I 

I I 

i_ 4 _ 3 _lL 2 _j 




Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle 
Cycle 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lir 



^Diagram 5^28. Shift 'Left/Right and Move (XDl (Part 1 oL2) (03233) 2020 > 50.QQQ.FEMDM.Val 2 (8/6SI 



w- 


^r ^p 




Im^Mi^M^^ 1 ^ 


^Rd 


^^_ 




Write 




Jmm 


R"ead 


" 




Write 








— 
































1 














1 










No 


Name 


ALD 


iif 

T3 


T4 T5 T6 T7 


W///M. 

T8 


1 , ^ v.ycie J 
Cycle 

Tl T2 T3 T4 T5 TA T7 Tfi Tl to 


1 

Cycle 3 


1 ♦ 


1 




1 


Sense Trap Request Lines 


LAI 03 
































































VI 






15 


T6 


T7 


T8 


Tl 


T2 


2 


LS New PL Zone Gate 


KA511 






>/////////// V//////////A 














W///////A m 






■ 




















































3 


LS Current PL Zone Gate 


\ 








































— 








































4 


New/Current PL 


^ss\ssw| 


New/current PL's may differ 


'^sssssd 




































































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X-Address 


LA412 






7 


7 






7 


^^^ 












7 




7 


















































8 


'To Reg 1 Select 


LA402 


















































































■ 


'///////////< 




9 


'From Reg' Select 


LA411 


















































































10 


LS to SAR 


KB4U 




















L 






























































W//MWM 


WM 


11 


LS to MAR 


















































































WM/MM 






12 


LS to FDR 


KB401 




















































































13 


LS to TDR 


















































































14 


MAR to LS 


LA702-712 


\ 
































m 






■ 










































15 


Set ALU (I/O Bus) to LS 




















. 


































































■ 




■ 


16 


LS Write 


LA302/313 


















































































17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































■ 








21 


Increment by 2 


RA403 


\ 


^7^//////A 


\77777777777A 


'//////////// 


V77///////7 


'///////////A 
















m 

















■"" 






































22 


Decrement by 1 


RA401 


















































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








Y/tfMWA 


77/77//////?. 


MMMM 






































































25 






















































































26 


Prevent Storage Use 


MA402 
















































































27 


SDR to Inh 


MA401 




















0-15 


o0-15 




























Shift Left 
by: 


Shift Right 
by: 
















28 


SDR to Op Reg 


KB102 
































































29 






















































12 


10 


8 


4 


2 





12 


10 


8 


4 


2 



















30 


SDR to TDR 


KB402 


































































31 


Eight Shift Control 


RBI 62 




























Byte shift left or rig 


it 



















^x^ 


.x 


X 








X 


JX 


X 






















32 


Shift by 2 or 4 


RBI 61 




























Left/right by 2 or 4 




















^X^ 


X 




X 


X 




g 


X 


XX 


















33 


No Shift 


RBI 62 




























0-15 














- 










X 






X 






X. 






X 






































34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RB171 


















































































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB41 1 


















































































40 


Invert Switch Control 


RB301 


















True O-j-15, invert 0-15 = /0000/ 










True 0- 


15, invert'o-15=/0000/ 










































41 






















































































42 


ALU Control Gate 


AA301 






















OE 
















OE 












































43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 


















































































47 


ALU to Inh 


MA401 




































0-15 


to 0-15 












































48 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 


Op Reg to Address Bus 


KA541 


, 
















































































\ 




















52 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 


(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































59 




















































































60 




















































































61 




















































































62 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 




























m 






















































■ 


68 


Set Process Check 


CC122 














LSA 




Any chk 












LS A/Mod 




Any chk 












^LSA^ 




































69 


Set LSA Check 


CC221 


\ 






•77777777777, 














W////////S 






W//////M 






















































70 


Set Mod Check 


CC101 




















































































71 


Set SU Check 


CC102 




























AT8HMH 




























































72 


Set ALU Check 


>Any check 






















































































73 


Set Bus Check 


( 
















































































74 


Set SAR Check 


CC101 


















































































>//////////; 


75 


Set Inh Check 


J 
















































Cycle of next microinstruction 



























Function signals: ACycle EZ3 Cycle 



"Do not care" signals: ACycle I I Cycle | 



• Diagram 5-28. Shift Left/Right and Move (XD) (Part 2 of 2) (03733A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



The balfword read out by the 'from reg' 
is shifted left or right as specified in 
the shift-amount fields (bits 5, 6, 7 of 
the microinstruction). The shift result 
is stored into the halfword addressed by 
'to reg'. 

The halfword addressed by 'from reg' 
remains unchanged. 'From reg 1 and 'to 
reg' may be the same LS register (same 
address) or both registers may contain the 
same address. 



LS reg 4 | 1 I 2 1 3 I 4 | 


— Read out addressed halfword - 










om reg j 


■ -*" 


a ; b 


c. ; d. 






1 1 Oil 1 1 


1 1 00i 1 ! 1 








y\"n 


,"\^ 


Shift right by 2 bits 








i,\ w 






i o[i 1 


1 1 1 l'oO 1 1 




To reg 


2 | A 


F , 3 




LS reg 3 | 4 J 3 | 2 j 2 | 










1 Read o 


ut addressed halfword — ►] C 
Before execution | 
1 


; c i c ; c i 






V 






After execution I— — 


: a f : 3 1 









Microinstru 


ction 


Layout 








3 


1 1 2|3 


4 


■5 |6 | 7 


8 | 9 | 10 | 11 


12 | 13 


1 14 | 15 


Op Code 


Shift 


To Reg 


Fron 


Reg . 


9 







1 




1 




9 


1 




1 




1 





INST 
90BC 



VNEM OPERANDS 
SLM 31,41,0 



STATEMENTS ACCORDING ' 
HW(R3)*=SL0 HW(R4) 



SLM 
SRM 



STANDARD CEB 0-1046-XXX 




T8 Tl T2 T3 



T7 T8 Tl 



T7 1 T8 I" 



CORE STORAGE - 



Read out and 
regenerate mic 



Read out and 
regenerate 



Store halfword 
into position 
addressed by 



I 

Hdr I 

[2 1 J_B_CJ 



Op Reg 

9 ,B C 



SLM (0-6) 
SRM (8-E) 



I 

L_8_0 I 0_2 J 



1 

2 J-1 


IAR 
8 4 


1 
1 
1 




J 


i 


1 MAR ' 






1 

| 8 | 2 | 









L_8_0_j_0_2j 



[From Reg "j ( 
I ' 

Lli_4- 3 ij 



HaI 1 



I 

HdT i 
i h 

|_P°_Dl_D2_D3j 



o operand' 'to reg' 



SDR I 

1 I 

L5_c_lc_cj 



TDR 

DO Dl D2 D3 



>A 



I 



I I 1 1 I 





I I o I 



SLM 
SLM 
SLM 
SLM 
SLM 
SLM 



SRM 
SRM 
SRM 
SRM 
SRM 
SRM 



000 
00 1 



\ l DO | PI | D2 | D3 
»M°\ D1 1 9 2 I D3 1° 
n. p — " * ~ 

mmm d: 



1 



WifMi 2 1 °) i ? i °~t^ 



'SMBMt^m i o | o i o 



DO 1 Dl 1 D2 1 D3 1 / 

1 DO | Dl | D2 | D3JI / 



m 



, DO | Dl vM%vm 

Ql I 1 DO I gp§|JM 

o i o I o \ pomxMoMm 



I 
I 
I 



To Reg ' 1LS reg 3 i 

I I 

li J _L.2_2j 



.A. 



L4_3j.2_2j 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted I 



«8jagram£r^. Shiftj^/Riaht^T^Move (W^Part 1 *"* (02m) £*%} > 50,flf%E EMD/vy*^2 (8/jf^ 



No 


Name 




\s/a/////*JMMv//,///,s//^* ** *** | *tiW Wr.te^ Br f*** 1W ^ BP "| ~ lfflr Write ~ m *~ | "**" R^ST T * Write | | | \ 
Y/////////A A Cycle 1 : ACvcle 1 T Ar\„-L i ' ' |— ' ' 1 ' : Is 




ALD 


mmm^mmmmmmmmmm. 


Cycle 


Cycle 1 r 


r i ■-" 

Cycle 3 


• 






T3 


T4 


T5 


16 


T/ 


IS 




rz 


T3 


F4 


T5 


T6 


17 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 




1 


Sense Trap Request Lines 


LAI 03 




















































































2 


LS New PL Zone Gate 


KA511 




















WMMii>. m 






II ■ 








•AWMW' m 










































3 


LS Current PL Zone Gate 


i 
























■ 


























































4 


New/Current PL 




New/current 1 


L's may di 


fer 










































































5 


CE LS Select 


CC222 






















































h^\w>\ ^^•ysviY.-y 
























6 
























































































7 


Fixed X-Address 


LA412 






7 


7 






7 


^^^^ 












1 




1 












7 




7 




































8 


'To Reg' Select 


LA402 




















m 


















WAWMW. 














































9 


'From Reg' Select 


LA411 






















































































MMWMV, 






10 


LS to SAR 


KB411 




















































































v/Mwm 


WMVMMi 


W/MUWs. 




11 


LS to MAR 




















































































W/M/Ma 












12 


LS to FDR 


KB401 
























































































13 


LS to TDR 
























































































14 


MAR to LS 


LA702-712 


t 




























— 






















































15 


Set ALU (I/O Bus) to LS 






































m 






■ 








































16 


LS Write 


LA302/313 




















































































17 
























































































18 


Set Address Check 


RA501 




















































































19 


Branch Go 


RA502 




















































































20 


Increment by 1 


RA402 




















































































21 


Increment by 2 


RA403 


i 










WMMSM. 
































■ 








































22 


Decrement bv 1 


RA401 




















































































23 


Decrement by 2 


RA402 




/ 
















































































24 


Prevent Mod-SAR-lnh Check 


KA511 










'^///^ 


rrrmwrn 








































































25 
























































































26 


Prevent Storage Use 


MA402 




















































































27 


SDR to Inh 


MA401 




















0-15 t 


sO-15 














0-15 to 0-15 




























Shift Left 
by: 


Shift Right 
by: 


29 


SDR to Op Reg 


KB102 


































































29 




































































12 


10 


8 


4 


2 





12 


10 


8 


4 


2 





30 


SDR to TDR 


KB402 


































































■ 


31 


Eight Shift Control 


RBI 62 


































Byte shift left or right 




























;^ 


X 








X 


'X 


X 








32 


Shift by 2 or 4 


RBI 61 






































Left/right by 2 or 4 




























x 




X 


X 




S 


X 




^X 




33 


No Shift 


RBI 62 






































0-15 




























X 






X 






X 






X 














































34 


Test Packed Byte or Sign 


RA502 




















































































35 


Normalize Sign Active 




















































































36 


Suppress 


RB171 




















































































37 
























































































38 


ALU to FDR 


AA303 




















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 




















































































40 


Invert Switch Control 


RB301 


















True 


-15, inver 


t0-15=/ 


5000/ 










True 


0-15, invert 0-15 =V0000/ 










True 0-'l5, invert'o-15 = /0000/ 




























41 
























































































42 


ALU Control Gate 


AA301 






















OE 
















OE 
















OE 






























43 


Additional Carry 


AA302 




















































































44 


Six Correction 8-11/12-15 




















































































45 


Set Carry Latch 


AA402 




















































































46 


Set Condition Code Latches 




















































































47 


ALU to Inh 


MA401 




















































0-15 to 0-15 






























48 


ALU to SAR 


KB411 




















































































49 
























































































50 


Data Switch to Op Reg 


KB402 




















































































51 


Op Reg to Address Bus 


KA541 




















































































£■:_,. 






























52 


I/O Display Address Out 




















































































53 


Allow Strobe 




















































































54 


SENS Strobe/Control Strobe 


BA102 




(Displ SENS strobe) 














































































55 


Sense Reset/CTRL Strobe 




















































































56 


Prevent ALU and SU Check 


BA103 




















































































57 


I/O Bus to FDR 




















































































58 
























































































5? 






















































































60 






















































































61 






















































































6? 






















































































63 






















































































64 






















































































65 






















































































66 






















































































67 


Set ALU Test Latch 


CC121 




























— 
























































4* 


Set Process Check 


CC122 














LSA 




Any chk 












LSA/Mod 




Any chk 












^A^od 




Any chk 












^^A 






















69 


Set LSA Check 


CC221 


\ 




















VMlWAlWh 






yffZMBT? 










ZZ7AZW 






V/////AV/A 








































79 


Set Mod Check 


CC101 


] 


















































































71 


Set SU Check 


CC102 


I 




















i 


TO 






























AT8 ^m 


































72 


Set ALU Check 


\ Any check 
















































































73 


Set Bus Check 






















































































74 


Set SAR Check 


CC101 




























y»»»»»\ 
















VAWMW4 










































75 


Set Inh Check 


/ 






























































Cycle of next microinstruction 















Function signals: A Cycle E3 Cycle | 



"Do not care" signals: ACycle I I Cycle 



• Diagram 5-29. Shift Left/Right and Move (XX) (Part 2 of 2) (03734A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



The 'from reg 1 is moved into 
'to reg'. The 'from reg' remains 
unchanged. Address check and the 
increment/decrement specification 
of operand addresses are ignored. 



To reg 



LSreg4 | 
before exe 





From reg 








LSreg 


Ta [ 


B 


C 


■> 1 












unchanged 


H 






1 * i 


B 


c 


° 1 









A 


Aicro 


nstruc 


tion 


.ayout 










TT 


1 1 2 |3 1 


4 


5 


6 


7 


8 


9 10 


11 


,2 


,3 


1 14 1 15 


Op Code 


+ 


AC 


To Reg 


F,om Reg 




1 


o 


1 






ol 


ol 



Ignored ■ 



±J 



INST 
A441 



MNEM OPERANDS 
MVH 4, 1 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 



A Cycle 




T2 T3 T4 T5 



T6 T7 T8 Tl 



T2 | T3 | T4 | T5 



T6 T7 T8 Tl 



T2 T3 T4 T5 



T6 : T7 T8 Tl 



T2 T3 T4 T5 



T6 T7 T8 Tl 



CORE STORAGE - 



Read out and 
regenerate mic 



I 

I SDR ' 

I h 

|_A_4 j_4_l j 



Op R 



TDR 

A B C D 



A B C D 



TT 



A B C D 




| | 



TlAR 
I 



-1 






IAR 


1— , 
- 2 J 1 

1 




8 4 




i 


i 


1 








Tmar \ 


+2 






1 






| 8 0| 2 











r SA "R "i 
I l 

L 8 _°J_°_ 2 J 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

£iagram 5^0. Move^lfword £g£[ (p art ] jS ^ ) (£&35) ^20 > 50 ,J&Q FEMDM*pi&>l 2 (8A2) 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle 1 I 

Cycle 



No 


^ 


ALD 


mmmmmmzmm Read i w rite 1 1 1 1 . . 1 | — 1 ■; .p 


'///////sM\ ' ^CycleO | | | | ' 


mmMwmmmmmmmmmm. 


Cycle 










T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


17 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 




















































































2 


LS New PL Zone Gate 


KA511 


















































































w/;/;/////. 


V/////////A 




■ 




3 


LS Current PL Zone Gate 


J 
















































































4 


New/Current PL 




Nev 


y/current P 


L's may d 


Ffer 


-SSSS^U 






s^^^VVVVVVV^^^ 


^^^^4 


^^S^ 






















































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X-Address 


LA412 






7 


7 






7 


7 


































































'//////////A 


>;;;;;;;;;;/, 






8 


'To Reg' Select 


LA402 
















































































9 


'From Reg' Select 


LA411 


















































































10 


LS to SAR 


KB411 


















































































77?;;//;;/// 


11 


LS to MAR 


















































































/;/;;;//;;// 


12 


LS to FDR 


KB401 






















































































13 


LS to TDR 


















































































14 


MAR to LS 


LA702-7I2 


















































































J 




















15 


Set ALU (I/O Bus) to LS 
























































































16 


LS Write 


LA302/31 3 


















































































17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































21 


Increment by 2 


RA403 


( 


Y777/77/TS/A 


'///7Z>77/;/\ 


v;;;;;;;;;;\ 


7Z7//////A 
















..... 


■ 






















































22 


Decrement by 1 


RA401 


-i 
















































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








V/////////A 


>//////;;//;. 


///;//;/;//, 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Inh 


MA401 




















0-15 to 0-15 




























































28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 


















































































■ 


31 


Eight Shift Control 


RBI 62 








f- 


Unde 










Not shift 8 




























































32 


Shift by 2 or 4 


RB161 




















1 




























































33 


No Shift 


RBI 62 




















0- 


15 




























































34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RBI 71 


















































































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 


















































































40 


Invert Switch Control 


RB301 


















True 0-15, invert 0-15 =/0000/ 


























































41 






















































































4? 


ALU Control Gate 


AA301 






















OE 




























































43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 


















































































47 


ALU to Inh 


MA401 


















































































48 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 




KA541 


t 1 
















































































52 


I/O Display Address Out 


-t ' 
















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 


(Displ SENS strobe) 


















mm ^ m 


























































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































59 




















































































60 




















































































61 




















































































62 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 


















































































68 


Set Process Check 


CC122 














LSA 




Any chk 












LiA^ 




















































69 


Set LSA Check 


CC221 


\ 
















































































70 


Set Mod Check 


CC101 


J 
















































































71 


Set SU Check 


CC102 




























AT8JHH 
























































72 


Set ALU Check 


\ Any check 














































































73 


Set Bus Check 


[ 
















































































74 


Set SAR Check 


CC101 


















































































75 


Set Inh Check 


±z 




























Cycle of next microinstruction 















































Function signals: ACycle £££2 Cycle | 



"Do not care" signals: ACycle I I Cycle | 



Diagram 5-30. Move Halfword (DD) (Part 2 of 2) (03735A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 




The halfword read out by the 
'from reg' is moved into 'to 
reg'. 

If the AC bit (instruction bit 7) 
is on, an address check occurs 
when the 'from reg' address is 
outside customer area or not on 
halfword boundary (not even). The 
'from reg' address is incremented 
by 2 (instruction bit 6 on) or decre- 
mented by 2 (instruction bit 6 off). 



LS reg 1 j 
before execution 



/v 


icroi 


nstruction Layout 




| 1 | 2 | 3 | 4 | 5 


6 


7 


8 | 9 | 10 | 11 


12 | 13 | 14 | 15 


Op Code 


+ 


AC 


To Reg 


From Reg 


A | | 1 






o 1 


'1 



Read out addressed halfword — H A ! B I C I D I Remains unchanged 



Modify 4 
(depends < 









t 




1 I 2 


3 


,6 


LS reg 1 


1 . 2 


3 


' 2 


execution 








LS reg 4 


9|8 


7 


,«-| 



before execution 



If bit 7 of the instruction i 



, address checking 



LS reg 4 
after execution 
s performed. 



Jr'is:incrby2ifon -J [ J 



deer by 2 if off 



If on, the 'from addr 1 is checked - 
that it is not outside customer area 



IB 



INST 
A749 



MNEM OPERANDS 
MVH 4, II, INC, AC 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 
R4*= HW(Rl,AC,+2) 



A Cycle 1 



Cycle 1 



T3 T4 T5 



T2 T3 T4 T5 T6 T7 T8 Tl T2 T3 T4 T5 T6 T7 T8 Tl 



CORE STORAGE - 



Read out and 
regenerate micro- 
instruction 

"I "T" 



l 



TsDR 1 



Read out and 

regenerate 

'fro m op e rand ' 



Op Reg 

A 7 , 4 9 



TlAR "~l 

I I- 

i_ 8 _°+ - l! 



I 



i 





IAR 
8 


l 4 




- 


i 









I 

|_8_ 0J)_2j 



fs£ 



I 



B ^C_D_j 



TDR 

A B C D 



A B C D 

I Mil 




I o 1 



LL 2 ^3..4J 



TFrom Reg 1 (LS reg 1) 

! i 



Tmar 

I 

L 1 _2,3_4_J 



fsAR — j 



j +2 I— I 

L_,_j 

lYes 

^Opreg^ 
s^bit 6^ 
fNo 
I - 2 \- 

I i 



To Reg 
A B ,C D 



I 1 

►l AC | 
I I 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I 1 

Cycle 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 



Diagram 5-31 . Move Halfword (DX) (Par* 1 of 2) » (03736) 2020 > 50,000 FEMDM Vol 2 (8/69) 



No 


*_ 


'MMmMMmmm Read | Write | Read | Write | ' | . . | ~1 -j 5 q 1 


ALD 


mm#%*x/M;fmMW#MM!Mmim. 


Cycle 


Cycle 1 


■ — ■ 


• 




T3 


14 


T5 


T6 


V 


18 


Tl 


TZ 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 






W///////M w;»;;///a 












WMW/M ■ 




mr 








h" 












































3 


LS Current PL Zone Gate 


J 
























77777777X7?. 


w 






















































4 


New/Current PL 


fcwww 


New/current PL's may d 


ffer 


v^vvmssu. 






















T^V^VVVVV- 
















































5 


CE LS Select 


CC222 
















































































6 






















































































7 


Fixed X-Address 


LA412 






7 


7 






7 


7 












1 




1 


















































v»»»/s», 


WM»»». 










8 


'To Reg' Select 


LA402 




















































































9 


'From Reg' Select 


LA411 


















































































WMMM 


YtfMMM 


10 


LS to SAR 


KB411 


















































































Utftttttt/A 


WM/MV. 


11 


LS to MAR 








W»/777777> 














»»»?»?». 




























































12 


LS to FDR 


KB401 




















































































■ 


13 


LS to TDR 


















































































■ 


14 


MAR to LS 


LA702-712 


\ 






















■1 


V///M//SM 




■ 




















































15 


Set ALU (I/O Bus) to LS 






















■ 
















■ 












































16 


LS Write 


LA302/313 


















































































'///////////< 


17 






















































































18 


Set Address Check 


RA501 




























AC bit on 




















































v;/////;;;;, 


19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































21 


Increment by 2 


RA403 


t 








W//MMA 


WM/>M/\ 










If increment 


























































22 


Decrement by 1 


RA401 






















1 




m 






















































23 


Decrement by 2 


RA402 






















If decrement 


























































24 


Prevent Mod-SAR-lnh Check 


KA511 








v//////;//// 


5W/W/ 








































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Inh 


MA401 




















0-15 to 0-15 














0-15 to 0-15 












































28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 




















































































31 


Eight Shift Control 


RBI 62 








. Undefined 












Not shift 8 












Not shift 8 










































32 


Shift by 2 or 4 


RBI 61 


















































































33 


No Shift 


RBI 62 




















0- 


15 














0-15 












































34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RBI 71 


















































































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 


















































































40 


Invert Switch Control 


RB301 


















True 0-15, invert 0-15 = /0000/ 










True 0-15, invert 0-15 = /0000/ 










































41 






















































































42 


ALU Control Gate 


AA301 






















OE 
















OE 












































43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 


















































































47 


ALU to Inh 


MA401 


















































































48 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 


Op Reg to Address Bus 


KA541 


, 
















































































t— 




















52 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 


(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































59 




















































































60 




















































































61 




















































































6? 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 




















































































68 


Set Process Check 


CC122 














L^A 




Any chk 












f LSA/Mod 




Any chk 












^A^ 




































69 


Set LSA Check 


CC221 


\ 




Mmy/ 


7Z7ZVZ7?// 










w;;;/7/77> 




W/MMM 






















































70 


Set Mod Check 


CC101 


] 
















































































WMMM/. 


71 


Set SU Check 


CC102 


/ 
























AJJJH 
















AT8HIH 








































72 


Set ALU Check 


\ Any check 


















































































73 


Set Bus Check 


( 
















































































74 


Set SAR Check 


CC101 


) 
























WMMM, 
























































75 


Set Inh Check 


/ 














































Cycle of next microinstruction 





























Function signals: ACycle VZVX Cycle | 



"Do not care" signals: ACycle l~~l Cycle 



• Diagram 5-31 . Move Halfword (DX) (Part 2 of 2) (03736A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 




The 'from reg 1 is moved into 
the core storage haifword addressed 
by the ' to reg ' . The ' from reg ' 
remains unchanged. If the AC bit 
(instruction bit 7) is on, an 
address check occurs when the 
'to reg' address is outside 
customer area or not on haifword 
boundary (not even). 

The 'to reg' address is incre- 
mented by 2 (instruction bit 6 on) 
or decremented by 2 (instruction 
bit 6 off). 



LS reg 4 14.32.2 
before execution | 



Modify +2 or -2 
(depends on bit 6) 



Read out addressed haifword H C | C | C | C I 

before execution | | 



LS reg 1 I A . B | C . D | 



:ution 1 A 



: b I c : d i 



If bit 7 of the instructioi 



m, address checking is performed 



A Cycle 3 



T3 T4 



CORE STORAGE - 



Read out and 
regenerate mic 



rs-DR- 1 ""! 



Store haifword 
into position 
Read out addressed by 

'to operand' 'to reg' 



| SDR J 

! c c, c c! 



Op Reg 

A 5, C 1 



TDR 

A B C D 








I 1 



From Reg 
ABC D 



\ MAR 

! 8 0,0 2 



SAR 




Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted I in 



Diagram 5-32. Move Haifword (XD) (Pan 1 of 2) ' (03737) 2020 > 50,000 FEMDM Vol 2 (8/69) 









M 


croinstruction Layout 








"TT 


i 1 2 1 3 : 


4 


5 


6 


7 


8 | 9 | 10 


11 


12 


13 | 14 i 15 


Op Code 


+ 


AC 


To Reg 


From Reg 




A 





1 






} \ 


o.l 



The 'to addr' is: incr by 2 if on 
deer by 2 if off 
i the 'to addr 1 is checked - 



that it is not outside customer area 



INST 
A5C1 



MNEM OPERANDS 
MVH 41,1, DEC, AC 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 
HW(R4,AC, -2)*=R1 



T6 | T7 | T8 | Tl 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle f. ] 
Cycle 



No 


M„„. 


ALD 


«!«»■ Read | Write | • Read • | Write | 1 ' ' | | ~1 " | 


y//////////\ ACycleO | ACycle 3 | | 1 


wwMm#-y/Mmmmmmmmm%. 


Cycle 


Cycle 3 








T3 


T4 


T5 


T6 


17 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 


















































































/;;;;///////. w///////;//. 




///////////, m 




■ 




3 


LS Current PL Zone Gate 


{ 






















•W////////A 


■ ■ 


■■ 


















































4 


New/Current PL 






New/current PL's may differ 




































































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X-Address 


LA412 






7 


7 






7 


7 












7 




7 


















































w///////// 


////////////. 












8 


'To Reg' Select 


LA402 


















































































■ //////////// 


W/M/SM, 


9 


'From Reg' Select 


LA411 


















































































10 


LS to SAR 


KB411 




















































































WW////// 


11 


LS to MAR 


















































































M///M/M 


v;/;/;;;/;^ 




12 


LS to FDR 


KB401 




















































































■ 


13 


LS to TDR 


















































































14 


MAR to LS 


LA702-712 


















































































\ 
















■ '///////////) 










■ 




15 


Set ALU (I/O Bus) to LS 






























































































16 


LS Write 


LA302/313 


















































































///////////A 


17 






















































































18 


Set Address Check 


RA501 






















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































?1 




RA403 


t 




















If increment 


























































22 


Decrement by 1 


RA401 


-) 




















| 


























































73 


Decrement by 2 


RA402 






















If decrement 


























































24 


Prevent Mod-SAR-lnh Check 


KA511 








V/////////A 


■V777777777A 


7777J7Z77771 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Inh 


MA401 




















0-15 to 0-15 




























































?R 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 




















































































31 


Eight Shift Control 


RBI 62 








} 


Undefined 











Not shift 8 














Not 


hift 8 










































3? 


Shift by 2 or 4 


RBI 61 


















































































33 


No Shift 


RBI 62 




















0- 


15 














0- 


15 












































34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 




RB171 


















































































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 


















































































40 


Invert Switch Control 


RB301 


















True 


-15, inver 


0-15 =/0 


000/ 










True 


D-15, invert 0-15 =/ 


'0000/ 










































41 






















































































4? 


ALU Control Gate 


AA301 






















OE 
















OE 












































43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 


















































































47 


ALU to Inh 


MA401 




































0-15 to 0-15 












































48 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 




















































































O R t Add B 


KA541 


t 1 
































1 
















































5? 




4 1 
















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 




(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 




















































































BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































59 




















































































60 




















































































61 




















































































62 




















































































63 




















































































64 




















































































65 






















































































66 






















































































67 


Set ALU Test Latch 


CC121 




























m ™ 
















■i 






































68 




CC122 














LSA 




Any chk 












LSA/Mod 




Any chk 












LSA 




































69 


Set LSA Check 


CC221 


\ 






I 














T7777/////// 




w////;/;// 


777//////// 


























































CC101 


) 














































































71 


Set SU Check 


CC102 


























A T»^_ 




























































7? 


Set ALU Check 




\ Any c 


heck 














































































73 


Set Bus Check 




( 




















































































CC101 


1 " 
























V//////7/7/? 
























































75 


Set Inh Check 




.zz 
















































Cycle of next microinstruction 



























Function signals: ACycle V777X Cycle | 



"Do not care" signals: ACycle I I Cycle 



• Diagram 5-32. Move Ha If word (XD) (Part 2 of 2) (03737 A) 2020 > 50,000 FEMDM Vol 2 (8/69) 



A Cycle 




LS reg 1 I 1 ! 2 1 3 1 4 | 
before execution , — ' 



The halfword addressed by the 
'from reg' is moved into the 
halfword addressed by 'to reg' 
The 'from' halfword remains 
unchanged. 

Both addresses are either in- 
cremented by 2 (instruction bit 6 
on) or decremented by 2 (in- 
struction bit 6 off). If the AC bit 
(instruction bit 7) is on, an 
address check occurs when the 
'from reg' or 'to reg' address 
is outside customer area or not 
on halfword boundary. 



The operation is performed in 
ALC mode when 'to reg' = 3 and 
'from reg' = 5. LS register 1 
contains the field length. The 
field length must reflect the 
number of bytes to be moved 
(always an even number) reduced 
by 2. For ALC, the operand 
addresses are updated according 
to instruction bit 6 (+2 or -2) 
every time a halfword is moved. 



LS reg 1 

after execution 



WdiTyT+b or -2" ~ ^ eaa out addressed halfword H A , 6 

(depends on bit 6) Remains unchanged ' 



LSreg4 14.32 
before execution | 



TTT1 



^TTT 



JUL 



Microinstruction Layout 



zn 



The 'to' and 'from' addr's are: - 
incr by 2 if on 
deer by 2 if off 
If on, the 'to' and 'from' addr's are checked 
that they are not outside customer area. 



I 9 I '<> I" 



n 



o Reg 



12 1 13 | 14 | 15 



n 



From Reg 



LSreg4 

after execution 



out addressed halfword H C | C [ C \ C ~| 

Modify +2 or -2 Before execution | | 

I 
I 



(depends an bit 6) 



% 



2 4- 4 



2 , 



After execution 



A ! B 1 C i D 



MNEW OPERANDS 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 



A5C9 
A7BD 



MVH 41, ll.DEC.AC HW(R4, AC, -2)*=HW(R1 , AC, -2) 

M-VH 31, 51, INC, AC HW(R3, AC, +2, UNTIL Rl, LT, 0)*=HW(R5, AC, +2) 



Repeat ACycle T-ACycle 3 ^^ALC\^ Yes w „ , n 

- '- ' end op > ► A Cycle 



A Cycle 1 




Type 



Cycle 



T2 T3 T4 T5 



T6 17 



T2 T3 T4 T5 



CORE STORAGE - 



Read out and 
regenerate mic 



rs-DR- 1 — i 



Read out and 
regenerate 
'fr om o p eran d' 



Op Reg 



Store halfword 
into position 
Read out addressed by 

'to operand' 'to reg' 



T2 | T3 | T4 | 15 



16 \ 17 \ T8 



TDR 

A B C D 



I I I I I 




I I 



..I--., 



(NSI) 



0,02! 




Tsar"*""! 



[Yes 
No action 




Decrement Carry 
forces ALC end op 



["SDR "i 

: c c,c c I 



(LS reg 4) 








!~fo Reg ~) 
> I 
Li_3 + 2_2j 


T To Reg 
1 

Li_3,2 

l 1 I 

1 +2 1— #- 

*~ T J ! 
YesI ! 

'Op reg>v | 
\bit 6yS I 

No[ J 

I -2 1 1 

1 1 

1 1 


1 

1 
1 








r«AR — i 

1 1 

L8_0 0_2 J 


IAR 

8 4 


r __.i_.. n 


| MAR 

1 

[_8_0_ l 0_2 






YesI 


[MAR \ 
Lf_. 3 4 2_2j 


1 +2 


— v^ end op ? 

No] 
No action 


rsAT 1 — i 

Li_ 3 _L.2_2j 


J 1 





Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I ~1 
Cycle 



Functions performed during cycle time are shown by fdl lines and functions performed durina A cycle time are shown by dotted lines. 

Diagram 5-33. Move Halfword (XX, ALp (Part 1 of,2) (03738A) 2020 > 50,000 FEMDM Vol 2 (8/69) 



CIsiIa 



No 


Name 


ALD 


*%***™W/%^^^ Read | Write | ' Read | Write | Read | * Write' | | | '| 




wmmfmmmmmmmmMmMfM. 


Cycle 


Cycle 1 


Cycle 3 






T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 






vaaaaaa/aaaa 


vaaaaaaaaaaa 














v/aaaaaa///. m 














y/////////A 


Li 1 






pH""" n 






m 




























3 


LS Current PL Zone Gate 


\ 
























v///;////;/, 


waa//a//aa. 






















































4 


New/Current PL 




New/current PL's may differ . 








































































5 


CE LS Select 


CC222 






I 


































































6 






















































































7 


Fixed X-Address 


LA412 






7 7 
vaaaaaaaa/aa W////AW//. 






7 


_^__ 












VMWff# t 




^1^ 












7 
VAAAAAAAAAA 




^^7 


































8 


'To Reg' Select 


LA402 


















































































■ - 


wwm 


vmwm 


9 


'From Reg' Select 


LA411 


















































































■ 


amma 


mw//; 


10 


LS to SAR 


KB411 






MW/J 
















VMM/m. 
















7777777777Z 












































11 


LS to MAR 








TTSAA/AATZV. 














W/MJ77X 






WMSASAA 










VAAAAAAAAAA 






VAAAAAAAAAA 






































12 


LS to FDR 


KB401 


















































































■ "~ 


■ 


13 


LS to TDR 




















































































14 


MAR to LS 


LA702-712 


S 
















































































15 


Set ALU (I/O Bus) to LS 






















































































■ 




■ 








16 


LS Write 


LA302/313 


















Not ALC 
















ALC 
















































WAAASAAAAA 


MA/SS/ASS, 


ALC-end op 


17 






















































































18 


Set Address Check 


RA501 




High/low, halfword boundary 




















AC bit on 














AC bit on 






































VAAAAAAAAA, 


V/AA/AAAAAA 


19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































21 


Increment by 2 


RA403 























increment 














1 


: incremen 










































22 


Decrement by 1 


RA401 


















































































23 


Decrement by 2 


RA402 




















ff decrement 
















f decreme 


it 








































24 


Prevent Mod-SAR-lnh Check 


KA511 








WWM/M 


WSW/SM 


WMMM. 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Inh 


MA401 




















"0-15 to 0-15 














0-15 to 0-15 












































28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 


















































































■ 


31 


Eight Shift Control 


RBI 62 








Undefined 




. ._ 






Not shift 8 














Not shift 8 














Not shift 8 




























32 


Shift by 2 or 4 


RBI 61 




















^^^^^m 


























































33 


No Shift 


RBI 62 




















0-15 














0-15 














0-15 




























34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RBI 71 


















































































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 


















































































40 


Invert Switch Control 


RB301 


















True 0;15, invert 0-15 =/0000/ 










True C 


-15, inve 


to-i5=y 


0000/ 










True 0-15, invert 0-15 =/0000/ 


























f 1 






















































































42 


ALU Control Gate 


AA301 






















OE 
















OE 
















OE 




























43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 


















































































47 


ALU to Inh 


MA401 




















































0-1 5 1 


o0-T5 




























48 


ALU to SAR 


KB4U 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 


Op Reg to Address Bus 


KA541 


\ 
















































































52 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 




(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 


Skip Cycle 1 to Cycle 3 


KA402 


















































































5? 


Skip Cycle 3 to Cycle 1 


KA411 


1 
































Drops if 


end op FL on 












































60 


Decrement Carry 


RA301 


I 


-Cycle 


control for 














































































61 


End Op Gate 


KA412 


































1 


Decremer 


t 










































62 


End Op Latch 


KA411 


J 
















































































63 






















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 




















































































■ 




68 


Set Process Check 


CC122 














L£A 




Any chk 












LSA/Mod 




Any chk 












LSA/Mod 




^ny^J* 












LSA 




















69 


Set LSA Check 


CC221 


\ 




















VMMS/m 




V»M»»» 


WM/tfl 






7TAAAWAAA, 




W/AA777777. 








































70 


Set Mod Check 


CC101 




















Not ALC 
















ALC 
















































VAAAAAAAAAA; 


VAAAAAAAAAA 




71 


Set SU Check 


CC102 


























^Jl^H 
































AT8HHB 
























ATR^MB 




72 


Set ALU Check 


^Anyc 


leek 














































































73 


Set Bus Check 


















































































74 


Set SAR Check 


CC101 


t^ 






























































Cycle if not ALC or ALC end op 












VAAAAAAAAA/ 


VAAAAAAAAAA 


75 


Set Inh Check 


/ 






























































Cycle 1 if ALC not end op (repetition) 
i i i 













Function signals: ACycle £23 Cycle | 



"Do not care" signals: ACycle I I Cycle | 



• Diagram 5-33. Move Halfword (XX, ALC) (Part 2 of 2) 



(037 38 A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 




The low-order byte of the 'from 
reg' is moved into the low-order 
byte of the 'to reg' . 

'From reg' and high-order byte of 
'to reg' remain unchanged. 
Address check and increment/ 
decrement specification of operand 
addresses are ignored. 



LS reg 1 | A j 


B 


c 


° 1 


remains unchanged 












To reg 




LS reg 4 | D . ' 


c 


• 


A 1 



before execution | 



I p ! c | 







A 


Aicro 


nstructi 




Layout 




~VT 


1 1 2 | 3 I 4 


» 


6 


7 


8 


9 TlO | 11 


12 | 13 | 14 |'15 


Op Code 


1 


AC 


To Reg 


From Reg 




1 . 


o 






o 


o 1 








+ 


+ 


iL 


t 



INST 
A841 



MNEM OPERANDS 
MVJi 4,1 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 
R4* = R4.0-7/R1.8-15 



Type 



T6 | T7 | T8 | Tl 



T2 T3 T4 T5 



T6 T7 T8 Tl 



T2 T3 T4 T5 



T6 T7 T8 Tl 



T2 T3 T4 T5 



T6 | T7 | T8 | Tl 



T2 T3 T4 T5 



T6 T7 T8 Tl 



CORE STORAGE - 



Read out and 
regenerate mic 



1 

1 

1 

__J_ 

SDR 

A 8^4 


~1 
1 , 












Op Reg 

A 8 ,4 1 





A B C D_ 

ZD 



C D 



D CO 
True | | 
D C B A 



FDR 

D C B A 



From Reg 
A B . C D 



{_ 8 _0 l_0 _2_J 






To Reg 

D C ,B A 



j_ b_ _U j_U_ £_ j I 



fiAR ~"1 



To Reg 

D C, CD 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle f I 
Cycle 



Diagram 5-34. Move Byte (DD) (Part 1 of 2) (03739) 2020 > 50,000 FEMDM Vol 2 (8/69) 



No 


^ 


ALD 


W 




W//////MW/M Read | Write 1 . . 1 1 | . . | [■" 1 ' 1 


<yZ%ffl%%\ A Cvcle ] j ( | 


m////////////////^^^^^^ 


Cycle 










T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 
















_ _ 
































































2 


LS New PL Zone Gate 


KA511 


















































































WMMM 


wsss/s/m 








3 


LS Current PL Zone Gate 


j 


1 














































































4 


New/Current PL 




New/current F 


L's may d 


ffer 


VVVVVsV^ 








s\\\^X\V\^ 


^\V\\^ 






















































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X-Address 


LA412 






7 


7 






7 


7 


































































M/MMM 








8 


'To Reg' Select 


LA402 


















































































9 


'From Reg' Select 


LA4U 


















































































10 


LS to SAR 


KB411 


















































































W/J/S///M 


11 


LS to MAR 


















































































WM/MM 


12 


LS to FDR 


KB401 


















































































m 


13 


LS to TDR 
















































































14 


MAR to LS 


LA702-712 


















































































fz. 








■ 














15 


Set ALU (I/O Bus) to LS 




















































































■ 


16 


LS Write 


LA302/31 3 


















































































17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































?1 




RA403 


t 
















































































22 


Decrement by 1 


RA401 


















































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








WM////M 


77T7////77/?. 


WM/MA 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Inh 


MA401 
















































































28 


SDR to Op Reg 


KB102 


















































































29 




















































































30 


SDR to TDR 


KB402 


















































































31 


Eight Shift Control 


RBI 62 








Un 
J— 


defined 











Not shift 8 


























































32 


Shift by 2 or 4 


RBI 61 




















| 




























































33 


No Shift 


RBI 62 




















0- 


15 




























































34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RBI 71 























-7 




























































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB41 1 


















































































40 


Invert Switch Control 


RB301 


















True 0-15, invert 8-15 =/true 00/ 


























































41 






















































































4? 


ALU Control Gate 


AA301 






















OE 




























































43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 


















































































47 


ALU to Inh 


MA401 


















































































48 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































•>i 




KA541 


{ 
















































































52 


I/O Display Address Out 


■f 
















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 




(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































59 




















































































60 




















































































61 




















































































62 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 




























■ 






















































68 


Set Process Check 


CC122 














L£A^ 




^Anychk 












L£A^ 




















































69 


Set LSA Check 


CC221 


\ 
















































































70 


Set Mod Check 


CC101 


— \ 


















































































71 


Set SU Check 


CC102 


























AT8^ 


15 






















































72 


Set ALU Check 


VAny chk 














































































73 


Set Bus Check 


( 
















































































74 


Set SAR Check 


CC101 


j - 
















































































75 


Set Inh Check 




/ 






























Cycle of next microinstruction 






























' 















Function signals: A Cycle £23 Cycle ■■ "Do not care" signals: ACycle I I Cycle >□ 

• Diagram 5-34. Move Byte (DD) (Part 2 of 2) (03739A) 2020 > 50,000 FEMDM Vol 2 



(8/69) 




The byte addressed by the 
'from reg' is moved into the 
low-order byte of the 'to reg'. 
The 'from' byte and the high-order 
byte of 'to reg' remain unchanged. 
If the AC bit (instruction bit 7) is 
on, an address check occurs when 
the 'from reg 1 address is outside 
customer area. 

The 'from reg' address is incre- 
mented by 1 (instruction bit 6 on) 
or decremented by 1 (instruction 
bit 6 off) 



LS re 9 ] 1 4 I 3 I 2 J 1 | 



Read out addressed byte — — M 2 \ 2 | 







Micro! 


nstruction Layout 








o 1 


1 i 2 | 3 | 4 


\* 


6 


7 


8 | 9 | 10 


" 


12 


| 13 | 14 | 15 


Op Code 


i 


AC 


To Reg 


From Reg 




1 1 


1 o 






■0 1 


' 1 



Modify +1 or -1 
(depends on bit 6) 



2 . 



LSreg4 | A , I 
before execution 



I c; d | 



LS reg 4 [ A , B 
after execution 



The 'from addr' is: incr by 1 if on - 

deer by 1 if off 
If on, the 'from'addr is checked 
that it is not outside customer area 



INST 
AA49 



MNEM OPERANDS 
MVB 4, II, INC 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 
R4*=R4. 0-7/3Y(Rl,+l) 



Type 



Cycle 1 



T3 T4 T5 



1 T3 1 T4 



CORE STORAGE - 



Read out and 
regenerate mic 
instruction 



i ,AK i__ , 

I 8 0, 2j I 

i -j. 1 j 



._!__ 



J_8__0,_0_2j 



__JL 



j SDR 

I A A. 4 9 



Read out and 
regenerate 
'from operand' 



Op Reg 
A A, 4 9 



[~MAR "1 I 

I +2 r 

|_8_£,_0_2J | 



fsDR "1 



l_'_ll_f_ij 



Suppi 





I 

SAR 



T 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle 



To Reg 

A B , 2 2 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 



Diagram 5-35. Move Byte (DX) (Part 1 of 2) (03">40) 2020 > 50,000 FEMDM Vol 2 (8/69) 





No 


Name 


ALD 


^^*ta%^^ Read | Write | Read | Write | | . . | | 1 t ,"' } 








'mmmmmMMWMmwmmww, 


Cycle 


Cycle 1 










T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


17 


T8 


Tl 


T2 




1 


Sense Trap Request Lines 


LAI 03 




















































































2 


LS New PL Zone Gate 


KA511 




















































































V/yiWAVM ///////////A 




yAyAVMV m 










3 


LS Current PL Zone Gate 




















































































s 














WSM/MA 


w 












4 


New/Current PL 




New/current PL's may di 


Ffer 


^WWSM 
























WWWVVV^ 


kVVVV\V\VVVVN 






kwwv^wwj 








































5 


CE LS Select 


CC222 




















































































6 
























































































7 


Fixed X-Address 


LA412 






7 


7 






7 


_^_ 












7 




7 

■ 




















































8 


'To Reg' Select 


LA402 




















































































9 


'From Reg' Select 


LA411 
























■ 




























































m i 


V////J///M 


w/;/;;;;;/ 




10 


LS to SAR 


KB411 




















































































;;/;;;;;/;/, 


V///M/M, 




11 


LS to MAR 




















































































VM/MSM 


V/SM///M 






12 


LS to FDR 


KB401 
























































































13 


LS to TDR 


























































































14 


MAR to LS 


LA702-712 




















































































s. 








■ 








■ 


w;;;/;;;a 


■ 








■ 






15 


Set ALU (I/O Bus) to LS 






















































































■ 


■ 






16 


LS Write 


LA302/313 




















































































>;;;;;;;;;;/ 




17 
























































































18 


Set Address Check 


RA501 




























AC bit on 






















































V/////////M 




19 


Branch Go 


RA502 




















































































20 


Increment by 1 


RA402 




















If increment 






























































21 


Increment by 2 


RA403 


t 


















1 














P 








■ 








































22 


Decrement by 1 


RA401 




















■ If decrement 






























































23 


Decrement by 2 


RA402 




















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








W/M//M 


rZ777777ZV7> 


V/SMMM 








































































25 
























































































26 


Prevent Storage Use 


MA402 




















































































27 


SDR to Inh 


MA401 




































0-15 to 0-15 














































28 


SDR to Op Reg 


KB102 




















































































29 
























































































30 


SDR to TDR 


KB402 
























































































31 


Eight Shift Control 


RBI 62 






\ 


Undefined 











Nots 


hift 8 










N 


ot shift 8 


f SAR 15, 


:ross shift 


f no SAR 1 


5 










































32 


Shift by 2 or 4 


RBI 61 




















































































33 


No Shift 


RBI 62 




















0- 


15 














^^() 


-15 














































34 


Test Packed Byte or Sign 


RA502 




















































































35 


Normalize Sign Active 




















































































36 




RB171 




















0-7 














0-7 














































37 
























































































38 


ALU to FDR 


AA303 




















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 




















































































40 


Invert Switch Control 


RB301 


















True 0-15, invert 8-15 = /true 00/ 










TrueO 


-15, inver 


8-15= /true 00/ 












































41 
























































































4? 


ALU Control Gate 


AA301 






















OE 
















OE 














































43 


Additional Carry 


AA302 




















































































44 


Six Correction 8-11/12-15 




















































































45 


Set Carry Latch 


AA402 




















































































46 






















































































47 


ALU to Inh 


MA401 




















































































48 


ALU to SAR 


KB411 




















































































49 
























































































50 


Data Switch to Op Reg 


KB402 




















































































51 




KA541 


t 


















































































52 


I/O Display Address Out 


^ 


















































































53 


Allow Strobe 




















































































54 


SENS Strobe/Control Strobe 


BA102 


(Displ SENS strobe) , 














































































•i*) 




















































































S6 




BA103 




















































































57 


I/O Bus to FDR 




















































































58 
























































































59 






















































































60 






















































































61 






















































































6? 






















































































63 






















































































64 






















































































65 






















































































66 






















































































67 


Set ALU Test Latch 


CC121 




























— 
















m 








































68 


Set Process Check 


CC122 














LSA 




Any chk 












LSA^od 




Any chk 












^A^ 






































69 


Set LSA Check 


CC221 


\ 
















v;;;;;;/;//, 




V/////77//7, 


W///////7/ 






















































1 


70 


Set Mod Check 


CC101 


] 
























WMMM, 
























































1 


71 


Set SU Check 


CC102 


























AT8h 


15 














AT8Hi 


15 








































72 


Set ALU Check 


/Any check 
















































































73 


Set Bus Check 




















































































74 


Set SAR Check 


CC101 




























WVMMA 


























































75 


Set Inh Check 


2= 
















































Cycle of next microinstruction 



























Function signals: ACycle E23 Cycle | 



"Do not care" signals: ACycle I ~\ Cycle | 



• Diagram 5-35. Move Byte (DX) (Part 2 of 2) 



(03740A) 



2020 > 50,000 F EM DM Vol 2 (8/69) 




Microinstruction Layout 



The low-order byte of the 'from 
reg' is moved into the byte 
addressed by the 'to reg'. 
The 'from reg' remains unchanged. 
If the AC bit (instruction bit 7) is 
on, an address check occurs when 
the 'to reg' address is outside 
customer area. 

The 'to reg' address is incre- 
mented by 1 (instruction bit 6 on) 
or decremented by 1 (instruction 
bit 6 off). 



before execution 



LS reg 4 | j A I fT| 

' — — +-Read out addressed byte 



Modify +1 or -1 
(depends on bit 6) 

i 



before execution | | 



»l 


1 |2|3|4 


l» 


6 


7 


8 


9 1,0 


11 


jE 


13 | 14 | 15 




Op Code 




- 


AC 


To Reg 


Fran teg 




A 1 , 


> 






>l 


»l 



e 'to addr' is: incr by 1 if on J t 



LS reg 4 





! A 





■2 







|a 








LSreg.l 


:utio 








1 


: i 


2 


2 











remains unchanged 



after execution | 2 ' 2 | 



J 



INST 
A9C1 



If on, the 'to addr' is checked — 
that it is not outside customer area 



IS N.?3 OPERANDS STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 

MVB 41, l.D/.J.AC BY(R4,AC,-1)* = R1.8-15 



Type 



ii Cycle 3 



Cycle 



| T7 | T8 | T~T 



T2 T3 T4 T5 T6 T7 T8 Tl 



Cycle 3 



T2 T3 T4 T5 



T7 | T8 | Tl 



T2 T3 T4 T5 



T6 17 T8 Tl 



T2 T3 T4 T5 



T6 | T7 | T8 | Tl 



CORE STORAGE - 



Read out and 



TSDR 



Store halfword 
into position 
Read out addressed by 

'to operand' 'to reg' 



r SDR 1 



|_A_ _Bj_C_ D_J 2 2 C D A B 2 2 



! Op Reg 

I A 9 ,C 1 



rjT 



TDR 
112 2 



112 2 

I I I I I I 

112 2 




| | 



From Reg 
1 1,22 



0_2j 



, 04 



I__ , 



___t___ 




Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 



[Diagram 5^. Mov^te (XD)J^t 1 of 2^^ (0374]^ 20^^50,000 £fe&\ DM VoW (8/69)^ 



w- 

No 


Name 


ALD 


hmm^mmmr- tw I ^ wnt. f^" Read I write I I i | t ;i 


W//////A ■ ACycleO | , ACycle^ | |» | ' i ^ 


^^te^^^^^^^^^w^^ 


Cycle 


Cycle 3 








T3 


T4 


T5 


T6 


17 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


77 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 


















































































VA>/A>A>AV. 


w/mavm 




VA>A>A>///A M 


■ 






3 


LS Current PL Zone Gate 


f 
















































































4 


New/Current PL 






New/current 


L's may differ 
























S&ftttK'ttK 


WWVWV'sVvV 


\\\V\\\\\\\^ \\V\V\\\\\^ 


^\\\\V\\S 


^^WWW^ 






































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X- Address 


LA412 






7 


7 






7 














7 




7 




















































W»M»». 










■ 


8 


'To Reg' Select 


LA402 


















































































■ 


{/■////{////A 


V/////////7. 


9 


'From Reg' Select 


LA411 


















































































10 


LS to SAR 


KB411 


















































































VMWWM 


W//7777//7. 


11 


LS to MAR 


















































































W7//7/77//. 


VA>A>A>A>A>. 




12 


LS to FDR 


KB401 






















































































13 


LS to TDR 


















































































14 


MAR to LS 


LA702-712 


















































































U 


















■ 


'//////////A 


■„,. 








■ 




15 


Set ALU (I/O Bos) to LS 






















































































■ 




■ 


16 


LS Write 


LA302/313 


















































































MM/MA 


17 






















































































18 


Set Address Check 


RA501 


Hig 


i/low 
























AC bit on 






















































w/s/aw/a 


19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 






















If increment 


























































21 




RA403 


< 




















| 


























































22 


Decrement by 1 


RA401 


-f 




















If decrement 


























































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








777777777777L 


77777777777% 


'/HW/M 






































































25 






















































































26 


Prevent Storage Use 


MA402 


































to 0-7 if SAR 15, 8- 


5 to 8-15 


if no SAR 










































27 


SDR to Inh 


MA401 




















0-15 to u-io 










0-/ 


15 








































28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 




















































































31 


Eight Shift Control 


RBI 62 








f A 


Jndefined 



















Not 


hiff 8 




















































32 


Shift by 2 or 4 


RBI 61 




















^^| 




























































33 


No Shift 


RBI 62 




















0-15 














0- 


15 












































34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RBI 71 




















0-7 












































































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA3Q3/KB411 


















































































40 


Invert Switch Control 


RB301 


















True 


-15, inve 


t0-15=/0000/ 










True 0-15, invert 0-15 = /0000/ 










































41 






















































































4? 


ALU Control Gate 


AA301 






















OE 
















OE 












































43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 




































8-15 to 0- 


7 (no SAR 


15) or 8-1 


i (SAR 15) 










































47 


ALU to Inh 


MA401 










































































48 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 




KA541 


< 
















































































52 


I/O Display Address Out 


} 
















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 


(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































5? 




















































































60 




















































































61 




















































































62 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 




CC121 




























m 
















■ 






































68 




CC122 














L£^^ 




Any chk 












LS A/Mod 




Any chk 












^A^ 








































CC221 


\ 




yAW/AWA 


W/M/J/AV, 


1 












VA'A'A'/A'A 




V//7//S///7/- 


7777/AV77Z 












































































































































71 


Set SU Check 


CC102 
















































































ATfiMi 




AT8^H 




7? 


Set ALU Check 


V , 
















































































> Any check 






73 


Set Bus Check 


( 
















































































74 




CC101 


T~ 
























y»»»»»/ 
























































75 


Set Inh Check 


Z= 














































Cycle of next microinstruction 




















. 









Function signals: ACycle E3 Cycle | 



"Do not care" signals: ACycle I I Cycle 



• Diagram 5-36. Move Byte (XD) (Part 2 of 2) (03741 A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



The byte addressed by the 'from 
reg' is moved into the byte 
addressed by the 'to reg'. 

The 'from' byte remains unchanged. 
Both addresses are either incremented 
by 1 (instruction bit 6 on) or decremented 
by 1 (instruction bit 6 off). If the AC 
bit (instruction bit 7) is on, an address check 
occurs when the 'from reg' or 'to reg' address 
is outside customer area. 



the operation is performed in 
ALC mode when 'to reg' = 3 and 
'from teg' =5. LS register 1 
contains the field length. The 
field length is the real number of 
bytes to be moved, reduced by 1 . 
For ALC, the operand addresses 
are updated according to instruction 
bit 6 (+1 or -1) every time a byte 
is moved. 



LS reg 1 1 1 , 

before execution 



LS reg 1 

after execution 



•— ■ 4— Read out addressed byte 

Modify +1 



ichanged 



1 H 2 1 3 1 4 | 5 



Microinstruction Layout 



Op Code 



TTR 



AC 



before executioi 



LS reg 4 

after execution 



i J— Read out addressed byte ► ] C , D | 

I Before execution i , 

Modify +1 or -1 ■ ' I 



The 'to' and 'from' addr'sare: — - J 
incr by 1 if on, 
deer by 1 if off. 
If on, the 'from' and 'to' addr's are checked -* 
that they are not outside customer area 



8 | 9 | 10 | 111 12 1 13 1 14 | 15 



I 



ABC9 
ABBD 



MNEM OPERANDS 

MVB 41, II, INC, AC 

MVB 31, 51, INC, AC 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 

BY(R4.AC,+1)*=BY(R1,AC,+1) 

BY(R3, AC, + 1, UNTIL Rl , LT, 0)*=BY(R5, AC.+l) 



After executior 



Repeat A Cycle 1 -A Cycle 3 / ALC \yi 



A Cycle 




A Cycle 1 




> A Cycle 



T2 T3 T4 T5 



T2 T3 T4 T5 T6 T7 



CORE STORAGE - 



Read out and 
regenerate 
'from oper a nd' 



-A.B^tJ 



Op Reg 



J_8 _0, 0_2j 



4 



hMo 
ALC 




_t — 



Store ha If word 
into position 
Read out addressed by 
'to operand' 't reg" 



TDR 

1 1,22 




Decrement carry 
forces ALC end op 




r 





o o I o Q 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle 




Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

j^iagram 5f% Movgjf^e (XX,jf*fc) (Part JP%2) #W2A) JP^O.20 > 5T«P0 FE/VyT%Vol 2 ^^9) 



**— r 






w 
















































































No 


Name 


ALD 


y///////////fim///////////////y^ —*ead w | . ^p Wrlte |-^- K8OT — '| -P" Write - | ReaT ' | Write | T 1 " " 1 


V//////////\ ACycle | .ACyclel \ ACycle3 » 1 -r | ' < Hi 


mmmmmmmmmmmm^ cycle o 


Cycle 1 


Cycle 3 






T3 


T4 


T5 


16 




18 1 II 




13 




IS 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 
















































































2 


LS New PL Zone Gate 


KA511 




WAWMM VAAAAAAAAAA/ 












VAAAAAAAAAA?. 








■ 














■_ 


































3 


LS Current PL Zone Gate 


t 
























vaaaa/aaaaa 


VAAAAAAAAAA 














va>a>a>a>a>a\>a>a>a>avs\ 






































4 


New/Current PL 


Nev 


•/current P 


L's may di 


Ffer 


»M 
































































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X-Address 


LA412 






7 


7 






7 














1 




1 












7 




7 


































WMWM 


WWSMM 






W»»»M 


vaaaaaaaaaa. 


8 


'To Reg' Select 


LA402 




















































































WfWr* 


WMWM 


9 


'From Reg' Select 


LA411 




















































































Y/////MM 


Y/AW///A 


10 


LS to SAR 


KB411 


















































































VAAAAAAAAAA 


MMMWK 


VAWAVAV. 


11 


LS to MAR 


















































































VMS/MM 


vaaaaaaa;;^ 


WMS/W, 


WMSMS* 


VAAAAAAAAAs 


12 


LS to FDR 


KB401 




















































































■ 


13 


LS to TDR 


















































































■ 


14 


MAR to LS 


LA702-712 


















































































v.. 








■ 










VAAAAAAAAAA 


■ 








■ 


VAAAAAAAAAA 


■ 










15 


Set ALU (I/O Bus) to LS 


























































































■ 




■ 


16 


LS Write 


LA302/313 


































ALC 


















































VAAAAAAAAAAX 


VAAAAAAAAAA 




17 






















































































18 


Set Address Check 


RA501 


High/low 
























AC bit or 
















AC bit or 






































WMMM 


VAAAAAAAAA/, 


19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 






















If increment 














If increment 










































21 


Increment by 2 


RA403 


J 


VMWSMV. 






ys/MMm 


VAWAW/A 


























| 




















■ 






















22 


Decrement by 1 


RA401 






















If decrement 














If decrement 




















■ 






















23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








rm»»»» 


\tvta////A 








































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Inh 


MA401 




















0-15 to 0-15 














0-15 to 0-15 












.0-7 to i i^^AR15^M5 


o8-15 if no SAR 15 
























28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 


















































































31 


Eight Shift Control 


RBI 62 








Und« 


'fined 











Not shift 8 


















;No 


t shift 8 if SAR 15; c 


oss shift if 


no SAR 15 


































32 


Shift by 2 or 4 


RBI 61 


















































































33 


No Shift 


RBI 62 




















0-15 














10-15 














0-15 




























34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RBI 71 




















0-7 














0-7 












































































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 


















































































40 


Invert Switch Control 


RB301 


















True 0-15, invert 0-15 =/0000/ 










iTrue o"-15, invert 0-15 =/0000/ 










True r 15, invert 0-15 =/0000/ 


























f 1 






















































































42 


ALU Control Gate 


AA301 






















OE 
















!OE 












































43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 


















































































47 


ALU to Inh 


MA401 


















































8-15 to 0-7 (no SAR 15) or 8-15 (SAR 15) 
























48 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 


Op Reg to Address Bus 


KA541 


















































































\ 




























52 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 




Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 


Skip Cycle 1 to Cycle 3 


KA402 


















































































57 


Skip Cycle 3 to Cycle 1 


KA4fl 


\ 




























\ 


— " — " 




end op FL 


on 












































60 


Decrement Carry 


*A301 




control Al 
























WA'AV/AVJ 






















































61 


End Op Gate 


KA412 


4-Cycle 
































| If dec 


rement 




- 








































6? 


End Op Latch 


KA411 


J 
















































































63 






















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 


























































■ 






















68 


Set Process Check 


CC122 














L5A^ 




Any chk 












L^A^od 




[Any chk 












LS A/Mod 




Any chk 












LSA^ 




















69 


Set LSA Check 


CC221 


\ 




7AAAAAAAAAAJ 


VSAASAAAAAA 














7AAAAAAAAA7/ 




yAAAAAAAAA/A, 


yAWAWAV 










WAAAAVAAAAA 












































70 


Set Mod Check 


CC101 


J 
















Not ALC 
















ALC 
















































'///////////; 


/AAAAAAAAAAA 




71 


Set SU Check 


CC102 


/ 
























AT8jJi 
















Alfi^^^m 














AT8MH 
























72 


Set ALU Check 


\ Any check 


























































Cycle if not ALC or A 


-C end op 














73 


Set Bus Check 


( 




























































. 1 1 I 1 
Cycle 1 if ALC not end op (Repetition) 












74 


Set SAR Check 


CC101 


\ 
















































































VAAAAAAAA/A 


VAAAAAAAAAA/^ 


75 


Set Inh Check 


J 

















































































Function signals: ACycle J^j Cycle | 



"Do not care" signals: ACycle I I Cycle | 



i Diagram 5-37. Move Byte (XX, ALC) (Part 2 of 2) (03742A) 



2020 > 50 , 000 F EMDM Vo I 2 (8/69) 



A Cycle 




Microinstruction Loyout 



The numeric (zone) of the low- 
order byte of the 'from reg' is 
moved into the numeric (zone) of 
the low-order byte of the 'to reg'. 

The 'from reg', the highorder 
byte of the 'to reg', and the 
zone (numeric) of low-order byte 
of the 'to reg' remain unchanged. 
Address check is ignored. 



LS reg 1 
inchanged 



LS reg 4 
before execution 



| 1 | 2 | ,3 J 4 | 5 | 6 


7 


8 [-9 | 10 J 11 


12 | 13 | 14jj5 


Op Code 


AC 


To Reg 


From Reg 


A 


1 


1 

















A 


1 


1 


1 















LS reg 1 | A , A | 5 | 2 
before execution 



AC41 
AE41 



MNEM OPERANDS 

MVN 4, 1 
MVZ 4,1 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 

R4*=R4. 0-11/R1. 12-15 
R4*=R4.0-7/R1.8-ll/R4. 12-15 




T2 T3 



T6 T7 



CORE STORAGE - 



Read out and 
regenerate mic 
instruction 



I 
I 

.iL. 



(E) 



. 4 _jJT 



MVN 
MVZ 



Op Reg 
A C, 



TDR 

F 1 F 2 



MVN 
MVZ 
MVN 



F 


1 








I 


WA 


« 


% 


V/A 






: 


■m 






m 



2 
F 



[and - 



F F F F 


|F F| F F | 





MVZ ,F 



|_8 _°J_°_2 J 
I 



l~MAR T~ 



|__8_0_ J _0_2_ l _ 



I SAR I 

I I 

l_8_0j_0_2_, 



TDR 

A A 5 5 



MVN 
MVZ 
MVN 
MVZ 



A A 5 5 











■w//, 






« 







A A 5 

A A 5 



MVN 
MVZ 



MVN 
MVZ 







2 

F 


| True 


True 1 






2 
F 



MVN A A, 5 2 



MVZ A A . F 5 



To Reg 

A A, 5 5 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle 



Functions performed during cycle time are shown by full lines and functions performed dicing A cycle time are shown by dotted lines. 



^Diagram 5^38. Move Numeric/Zftne (DP) (faff 1 of 2) _ (03743) _ 2020^50,000 F£MDM Vol 2~. (8/69) 



No 


Name 


ALD 


m<mz%mm%mm^ Read i write v//////////////^^^^^^ 1 . . 1 I 1 » —i 


WWM 


i A Cycle | ACycle 2 ' | | 1 ' ' ■ 


^^^^mm^^^^m^mmme^^m^^ 


Cycle 


Cvcle 2 








T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 


















































































W/rt/f//fr </////////&. 














3 


LS Current PL Zone Gate 


\ 








































■- - 








































4 


New/Current PL 


yWWAM 


New/current PL's may differ 


























[\VVVV\V\W\VVVVVVVVVVV 












































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X- Address 


LA412 






7 


7 






7 


7 


































































WMMMA 


W/M 






8 


'To Reg' Select 


LA402 
























































































9 


'From Reg' Select 


LA411 


















































































10 


LS to SAR 


KB411 


















































































V////////M 




11 


LS to MAR 


















































































W»»M». 




12 


LS to FDR 


KB401 






















































































13 


LS to TDR 


















































































14 


MAR to LS 


LA702-712 


















































































\ 




























■I 




15 


Set ALU (I/O Bus) to LS 
























































































16 


LS Write 


LA302/313 


















































































17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


























































































?1 


Increment by 2 


RA403 


t 








W///////M 


'//////////A 
























■ 














































22 


Decrement by 1 


RA401 


' 














































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-|SAR-lnh Check 


KA511 








vm;m;;A 


W77777///A 


w//////stA 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































77 


SDR to Inh 


MA401 




















0-15 to 0-15 














0-15 to 0-15 












































28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 






















































































31 


Eight Shift Control 


RBI 62 








I 


ndefined 













Notsh 


ft 8 














No 


shift 8 










































32 


Shift by 2 or 4 


RBI 61 


















































































33 


No Shift 


RBI 62 




















0- 


15 














0-15 












































34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RBI 71 


















C 


^^VN 


= 8-11. MVZ=12-1 


5 








MVr- 


J = 12-15, MVZ = 8- 


11 










































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB41 1 






















Reset 




























































40 


Invert Switch Control 


RB301 


















Not true, not invert = /FFFF/ 












True 0-15 = /true/ 












































41 
























| 




























































42 


ALU Control Gate 


AA301 




















AND 
















OE 












































43 


Additional Carry 


AA302 


















































































M 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 


















































































47 


ALU to Inh 


MA401 


















































































48 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































«>1 




KA541 


\ 
















































































52 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 


(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































59 




















































































60 




















































































61 




















































































6? 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 




















































































68 


Set Process Check 


CC122 














^A^ 




Any chk 












^A^od 




Any chk 












L^A 




































69 


Set LSA Check 


CC221 


\ 






V////////7?. 














WMSSSMA 




























































70 


Set Mod Check 


CC101 


— 


















































































71 


Set SU Check 


CC102 




























, TO 8 " 15 
























































AT8^H 




AT81M 




72 


Set ALU Check 


y Any check 


















































































73 


Set Bus Check 


( 
















































































74 


Set SAR Check 


CC101 


i~ 
























ZV777////M 
























































75 


Set Inh Check 


ZZ 














































Cycle of the next microinstruction 





























Function signals: ACycle E23 Cycle | 



"Do not care" signals] ACycle I I Cycle | 



• Diagram 5-38. Move Numeric/Zone (DD) (Part 2 of 2) (03743A) 2020 > 50,000 FEMDM Vol 2 (8/69) 



A Cycle 




The numeric (zone) of the byte 
addressed by the 'from reg' Is 
moved into the numeric (zone) 
of the low-order byte of the 'to 
reg'. 

The 'from' byte, high-order 
byte of the "to reg', and the 
zone (numeric) of the low-order 
byte of the 'to reg' remain 
unchanged. 



The 'from reg' address is 
incremented by 1 . 

If the AC bit (instruction 
bit 7) is on, an address check 
occurs when the 'from reg' 
address is outside customer area. 



LS reg 1 I 1 1 1 — — 

before execution I ° i 1 1 2 i 3 



Read out addressed byte 



■-C 



Remains unchanged 



LS reg 1 

after execution 



l«! ■ I » 



Modify +1 



LS reg 4 T 

before execution L 



LS reg 4 
after execution 



-i-vt 









Microinstruction Layout 






o 


.|>l> \* 


si. 


7 


8 | 9 | 10 111 


12 | 13 |'14] 15 


Op Code 


AC 


To Reg 


From Reg 


A 


1 


1 












1 




A 


1 


1 


1 









1 





]L„_J 



If on, the 'from addr' is checked - 
that it is not outside customer area 

INST MNEM OPERANDS STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 

AD49 MVN 4.1I.AC R4*=R4. 0-ll/pY(Rl,AC,+l). 4-7 

AF49 MVZ 4.1I.AC R4*=R4. 0-7/^Y(Rl, AC, +1). 0-3/R4. 12-15 



Type 



A Cycle 1 



Cycle 



T8 | Tl 



CORE STORAGE - 



T2 | T3 | T4 | T5 



Cycle 1 



Cycle 2 




T6 T7 . T8 Tl 



T2 T3 T4 T5 



T6 T7 



Read out and 
regenerate micro- 
instruction 



TsDR 



L_A_D l± _9 J 



MVN 
MVZ 



Op Reg 
A D .4 9 



*h 




IAR 

8 4 


i 
i 




i 


i 


i 

H MAR 1 

1 








|_8_0j0_ 2_i 











Hat* — l 
I I 

L_ 8 _°X°_ 2 J 



Read out and 
regenerate 
'from operand 1 
"I 1 



I 

r SDR n u 

! F l.F 2 I 



TDR 

F 1 ,F 2 




X 



MVN 
MVZ 
MVN 



2 
F 



| AND - 



I f f I f f I 



[""From Reg ~j |~~From Reg "I 

J_0_2j2_3_I LP-UAJLj 

i T 

I i 

I I 

rMAi^-r-n ] 
i I +] i — J 

}_0_1 ,2 _3_, | 

T ' — ' 

I » AC | 

r- SA I*~-i 
i 



! I 



L°J_L 2 _ 3 J 

T 



MVN/Z 

u 



TDR 
A A 5 5 



FDR 
blank 



MVN 
MVZ 



MVN 
MVZ 



FDR 

0,02 



MVZ . F 



JJ% 


11 



MVN 
MVZ 



MVN/Z 



I True [ True | 



To Reg 

A A,5 5 



To Reg 
A A .5 2 



MVZ | A A i F 5 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

• Diagram 5-39. Move Numeric/Zone 0X) (Part 1 of 2) (03744A) 2020 > 50,000 FEMDM Vol 2 (8/69) 



No 


Name 


ALD 


mm^mwMmm R ead i writ. i 


t Read | Write ^^^^^^ 


mmvmmmmm i i • », ~ 


V////aV/A ' ACvcleO 1 


ACycle ' | A Cycle 2 


i 1 


mmmmmmmmmmmmmm^, 


Cycle 


Cycle 1 


Cycle 2 






T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 


















































































VAW/MW. Y//////AV7A 




v/saa/a;/// m 










m 




3 


LS Current PL Zone Gate 


, 
















































































l_ 














WAW/AW. 


■ 






















4 


New/Current PL 




New/c 


urrent PL's may differ 






























































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X-Address 


LA412 






7 


7 






7 


^^r 












1 




1 


















































8 


'To Reg' Select 


LA402 
























































































9 


'From Reg' Select 


LA411 


















































































■_ _..,..! 


vmni>M 


WAAAAAAS/A 


10 


LS to SAR 


KB411 


















































































Y//////M7i 


VAAA/AAAAAA 




11 


LS to MAR 


















































































v//////////> 


SAAAASSAAAA 






1? 


LS to FDR 


KB401 






















































































13 


LS to TDR 


















































































■ 


14 


MAR to LS 


LA702-712 


\ 
















































































15 


Set ALU (I/O Bus) to LS 




























































































■ 


16 


LS Write 


LA302/313 
















































































'/////////ft 


17 






















































































18 


Set Address Check 


RAS01 




High/low 
























AC bit on 




















































VAAAAAAAAA/, 


19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA4Q2 


















































































?1 




RA403 


t 
















































































22 


Decrement by 1 


RA401 


-> 


























































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








twwww 


VS/WSSSSA 


W//SMAM 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































?7 


SDR to Inh 


MA401 




















0-15 toU-15 














0-15 to 0-15 














0-15 to 0-15 




























?R 


SDR to Op Reg 


KB102 
















































































29 




















































































30 


SDR to TDR 


KB402 


































Not shift 


1 












































■ 






31 


Eight Shift Control 


RBI 62 








.u 


ndefined 










Not shift 8 










3 if SAR 15, cross shift if no S/ 


R15 


































32 


Shift by 2 or 4 


RBI 61 


































^^^^^ 










































33 


No Shift 


RBI 62 




















0-15 














0-15 














0-15 




























34 


Test Packed Byte or Sign 


RA502 
















































































35 


Normalize Sign Active 




































WN = 8-11, MVZ = 














M = 1 2-15 


MVZ = 8 




























*V) 




RBI 71 


















0-7/MVN=8-ll,MVZ = 


12-15 










0-//K 


12-15 












-11 


























37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 






































Reset 


: FFF/ 










































40 


Invert Switch Control 


RB301 


















Not true, not invert =/FFFF/ 










Not true, not invert =/ 












True 0-15= /true/ 




























41 
























] 














| 
















































AA301 




















AND 














AND 
















OE 




























43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AMCC 


















































































46 


Set Condition Code Latches 


















































































47 


ALU to Inh 


MA401 


















































































48 




KB411 


















































































49 






















































































50 




KB402 


















































































51 




KA541 


fr 
















































































5? 




> 
















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 




(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































">7 


I/O Bus to FDR 


















































































58 






















































































59 




















































































60 




















































































61 




















































































6? 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 




























— 
















m — 
















m 






















68 


Set Process Check 


CC122 














j£A 




Any chk 












LS A/Mod 




Any chk 












^A^od 




Any chk 












LSA 




















69 


Set LSA Check 


CC221 


\ 




















WSASA>AASS 




WA>S/A>A>S 


WA>/SA>A> 










V//AA7AAAV 












































70 


Set Mod Check 


CC101 


jz 
























'AAAAAAAAAAA 
























































71 


Set SU Check 


CC102 


























8-15 














8- 

AJ8WJWJ 


15 














AT8i^ 
























7? 


Set ALU Check 




\ Any check 














































































73 


Set Bus Check 




( ' 
















































































74 


Set SAR Check 


CC101 


1 
























VAAAAAAAAAA/. 
















VSSSSS/SS// 








































75 


Set Inh Check 




±z 






























































Cycle of next microinstruction 













Function signals: ACycle Y2ZH Cycle | 



"Do not care" signals? ACycle I I Cycle 



• Diagram 5-39. Move Numeric/Zone (DX) (Part 2 of 2) (03744A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



The numeric (zone) of the low-order byte 
of the 'from reg" is moved into the numeric 
(zone) of the byte addressed by the 'to reg'. 

The 'from reg' and the zone (numeric) 
of the 'to' byte remain unchanged. 

The 'to reg' address is incremented 
by 1 . If the AC bit (instruction bit 7) is 
on, an address check occurs when the 'to 
reg 1 address is outside customer area. 



LS reg 4 



before operation Li: l 



. 1 2,2 



T 



— Read out addressed byte — — —— — —— - fr \ A \ A | 



before execution . 



Modify + 1 

L l reg4 *. i o : i 1 2 : 1 1 

after operation ' ' J ' ' 



LS reg 1 , , ■ ^ , IN ■ 

remains unchanged!-! — i — ^ I F i 2 | 









Micro 


nstruction Layout 








VT 


l|2|,,4 


'I* 


7 


8 | ■ 9 | 10 


11 


,2 


13 j 14 j 15 


Op Code 


AC 


To Reg 


From Reg 


A 


1 


.1 







1 









A 


1 


1 


1 




1 










If on, the 'to addr 1 is checked that 
it is not outside customer area 



JC, 



after execution | A , 2 | 
Z N 



INST MNEM OPERANDS STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 

ADC1 MVN 41,1, AC BY(R4, AC, + 1). 4-7*=Rl. 12-15 

AFC1 MVZ 41,1, AC BY(R4,AC, + 1). 0-3*=Rl. 8-11 



A Cycle 




A Cycle 2 



A Cycle 3 



Cycle 3 



CORE STORAGE - 



Read out and 
regenerate micro- 
instruction 



Read out and 
regenerate 
'to operand' 



L 8 _°_l_°jj I 




Store halfword 
into position 
Read out addressed by 
'to operand' 'to r eg' _ 









IAR 






8 4 






i 


i 




+2 






* 









L0J-L2.2J 



1 

— I™, 

MAR 
0_ 1 12 _2_j 




1 

i 


I 


1 


l AC J 
I 1 



-_1_ 



A. 5 5| A 2 5 ; 

--- 1 F A 5 



MVN 
MVZ 




. ii_ 2 _ 2 -J 



[ +1 t--- 
_0_i|_2-2_l ] 



.i_. 



Mac i 
i i 



■ r R i 
L0.u2.2J 



T 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle 



Functions performed during cycle time are shown by foJI lines and functions performed during A cycle time are shown by dotted lines. 

Diagram 5-40. Move Numeric/Zone (*D) (Part 1 of 2) (03745A) 2020 > 50,000 FEMDM Vol 2 (8/69) 



No 


^ 


ALD 


5^*^^*%^^^^ Read | Write | . Read , | Write | Read 1 « Wri<te | | ""I * H " 

V/////////A ACycle 1 ACvcle2 1 Afvrl.3 1 ' T ' ' 


'mM^mmmmmmmm^mm. 


Cycle 


Cycle 2 


Cycle 3 


8 




T3 






















16 


1/ 


T8 


Tl 


T2 


T3 


T4 


TD 


T6 


77 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 
















































































'///////////< 


MW/MWA 




W/M/////,. m 




W////////A m 


■ 


■ 




3 


LS Current PL Zone Gate 


s — 
























m 






m~~ H 














— 


































4 


New/Current PL 




New/current P 


.'s may dif 


fer 








































































5 


CE LS Select 


CC222 


















































s\SSS\ns\^S ^vrcwrcfr 


KMMMMM> xmmm amw iww.w,w 




















6 






















































































7 


Fixed X-Address 


LA412 






7 


7 






7 


7 




























7 




7 


































W/MWiYA 


WMM», 










8 


'To Reg' Select 


LA402 




















































































W//M/M 




■ 


HMMtiK 


w/ww> 


9 


'From Reg* Select 


LA411 


















































































10 


LS to SAR 


KB411 


















































































M/W/W/ 


WMMMi 


VMiMW/, 


11 


LS to MAR 
























. 


























































Wffl&MM 


WM/////S. 


wmw, 




12 


LS to FDR 


KB401 


















































































■ ,. , 1 


■ 


13 


LS to TDR 


















































































14 


MAR to LS 


LA702-712 


\ 














































































15 


Set ALU (I/O Bus) to LS 






















































































■ 


■ 


m 


■ - 


■ 




16 


LS Write 


LA302/313 


















































































'//////////A 


17 






















































































18 


Set Address Check 


RA501 




H'ah/I""' 






















AC bit on 
























































WM>Mii>, 


WAWjW//. 




19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 




















u 






























































21 


Increment by 2 


RA403 


s — 


y/zs/WTm 




y/M/M/A 


YAW/////A 










































w 






























2? 


Decrement by 1 


RA401 


















































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-|SAR>-lnh Check 


KA511 








VM/mw, 


'/////////// 








































































25 






















































































26 


Prevent Storage Use 


MA402 
























































5 if no SA 


























27 


SDR to Inh 


MA401 


































0-15 to U- id - 










0-7 to 0-7 if SAR 15, 8-15 to 8- 


R 15" 
























28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 


















































































■ 




31 


Eight Shift Control 


RBI 62 








Unde 


fined 











Not shift 8 




























































32 


Shift by 2 or 4 


RBI 61 




















| 




























































33 


No Shift 


RBI 62 




















0-15 














U- 


15 














U-lb 




























34 


Test Packed Byte or Sign 


RA502 




















1 






























I 




























35 


Normalize Sign Active 




















1 






























N = 12-15, MVZ = £ 




























36 


Suppress 


RBI 71 


















^^^ 






























1 MV 


-11 


























37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 






















Reset 


=FF/ 


























































40 


Invert Switch Control 


RB301 


















Not true, not invert = /F 












True 0-L 


= /true/ 














True 0-15= /true/ 




























41 
























1 




























































42 


ALU Control Gate 


AA301 




















Ar 


-JU 
















OE 
















OE 




























43 


Additional Garry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 




















































-7 (no SA 






























47 


ALU to Inh 


MA401 


















































8-15 to 


I 15) or 8-15 (SAR 15) 
























48 


ALU to SAR 


KB4U 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 


Op Reg to Address Bus 


KA541 


, 
















































































\ 




























52 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 


(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































59 




















































































60 




















































































61 




















































































62 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 


















































































■ 




■ 


68 


Set Process Check 


CC122 














L5A 




Any chk 












LSA/Mod 




Any chk 












LSA/Mod 




Any chk 












L£A 




















69 


Set LSA Check 


CC221 


A 




V7777777777, 


y/yf/y>Z777777i 














'S/////77777, 
















WAM4H* 




W/p??ffff l 








































70 


Set Mod Check 


CC101 


















































































WMAMs. 


71 


Set SU Check 


CC102 


/ 
























■ T °iimii 


15 














M8B1 
















AJ8JHB 
























72 


Set ALU Check 


A Any check 














































































73 


Set Bus Check 


J 
















































































74 


Set SAR Check 


CC101 




























VWAV/M 
























































75 


Set Inh Check 


/ 






























































Cycle of next microinstruction 













Function signals: ACycle g%2 Cycle I 



"Do not care" signals: ACycle I I Cycle | 



• Diagram 5-40. Move Numeric/Zone (XD) (Part 2 of 2) (03745A) 



2020 > 50 , 000 F EM DM Vo I 2 (8/69) 



LS reg 2 | 3 \ 2 | 1 j | before execution 

Read out addressed byte 



The numeric (zone) of the byte 
addressed by the 'from reg' is 
moved into the numeric (zone) 
of the byte addressed by the 
'to reg 1 . 

The 'from' byte and the zone 
(numeric) of the 'to' byte remain 
unchanged. 

Both operand addresses are 
incremented by 1 . If the AC bit 
(instruction bit 7) is on, an 
address check occurs when the 
'from reg' or 'to reg' address is 
outside customer area. 



The operation is performed in 
ALC mode when 'to reg' =3 and 
'from reg 1 =5. LS register 1 
contains the field length. The 
field length is the real number of 
numerics (zones) to be moved 
reduced by 1 . 

For ALC, the operand addresses 
are incremented by 1 every time 
one numeric (zone) has been moved. 



-TT~Re< 
Kfy ' + 1 

T 

LS reg 2 1 3 ', 2 | 1 ', 1 1 after executior 



Z N 

~ H F i ] 1 Remains unchanged 



Modify ' + 1 



LS reg 4 | * 1 | 2 \ 3 | before execution 

1 • Read out addressed byte 

Modify + 1 

,, , , ▼, 

LS reg 4 j ■ , 1 | 2 4 | after execution 











Mi 


construct 


on Layout 












HE 


1 1 2 ■ | 3 4 


> 


« 


7 


■ 


, 1 10 J 


11 


« 


13 


u 


15 


Op Code 


AC 


To Req 


From Rea 


A 


1 


1 







1 




1 




A 


1 


1 


1 




1 




1 





MVN 
MVZ 



If on, the 'from' and 'to' addr's are checked 
that they are not outside customer area 



Z N 
- ~^ | 5 , 5 I Before execution 



u. 



ADC A 
AFCA 
AFBD 



MNEW OPERANDS 

MVN 41, 21, AC 

MVZ 41, 21, AC 

MVZ 31, 5I.AC 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 

BY(R4,AC,+1). 4-7*=BY(R2,AC,+l). 4-7 
BY(R4,AC, + l).0-3*=BY(R2,AC, + l).0-3 
BY(R3,AC,+1, UNTIL Rl, LT, 0). 0-3*=BY(R5, AC, +1). 0-3 



F , 5 | After executic 
Z N 



t A Cycle 1 - A Cycle 2 - ACycl( 




A Cycle 1 



A Cycle 3 




ACycleO 



T/p« 



xx 

(ALC) 



T^T 



Cycle 2 



CORE STORAGE - 



Read out and 
regenerate mic 
instruction 



Read out anc 
regenerate 



LA_£i 

(F) 



C_AjT 



MVN 
MVZ 



Op Reg 
A D. C A 



lL2jJ?.JJ ~! 



1 .--I-.. 

I ' MAR 

| | + 2 

I '_§_ °i _2 • 



I 



•""SAR 

I 




I 
I I 

r- ■*-"! 

I SDR ' 

L f _Jj_ f _ 2 J" 



Read out and 
regenerate 
'to operand' 



I 

I 



TDR 

F 1 . F 2 



TDR 

A A 5 5 



A" 



< 



MVN 
MVZ 
MVN 
MVZ 



^^4- - : 


T?-rz -,■:■ 



1 



X 




A A 5 1 MVN 

A A F 5 MVZ 



N 


z 


1 








F 















MVN 
MVZ 
MVN 
MVZ 



m 



■ 



A A 5 
A A 



TH 



(LS_reg2) 
"From Reg 




MVN 
MVZ 

I 
MVN 
MVZ 



1 5 

5 F 

A A 

A A 



F 



| True 



1 
F 



FDR 

0.0 



MVZ | | F 



(LS reg 4) 



LP. _U_2_3J 



LO-LjLi, 



To Reg | 

_°_Jx. 2 _ 4 J 



["mar " 1 l __ 

1_0 J i 2__3_J 



nr; — i 



i — i 



j ,M * i 

18 0,0 2! 



["mar t + ,"1— j r^ 

1 __Li_£ 3 1 _ ' L 8 _1i _ 2 

1 >Jac1 



1 SAR 1 

! 1.2 31 



forces end op ALC 



T 




Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle f~ I 
Cycle 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

Diagram 5-41. Move Numeric/Zone pQC, ALC) (Par J 1 of 2) (03746) 2020 > 50,000 FEMDM Vol 2 



(8/69) 



No 


Nome 


ALD 


WMWMMMM/MM Read | Write 1 Read | WriTe 1 ' Read 1 Write 1 R^d 1 Wr»e 1 1 1 


W/////M ACycJeO 1 ACycle 1 | A Cycle 2 | ACycl e 3 1 ' 


WmW/mmmMmm^/Mm^WM. 


Cycle 


Cycle 1 


Cycle 2 


Cycle 3 




T3 


T4 


T5 


T6 


T7 


T8 


T1 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 




u^y;//;/Av//AWMVA 












vy//////777Z m~ — ■ 




■ '""1 








■77777777777, m 






■I 








V777//7///7, m 1 
























3 


LS Current PL Zone Gate 


\ 
























V777777777// 


■7777777777?. 




















































4 


New/Current PL 




New/current PL 


s may diff 


er 


































































5 


CE LS Select 


CC222 
















































































6 






















































































7 


Fixed X- Address 


LA412 




7 


7 
V7777777777X 






7 


^^L 












1 
WW////, 




1 




























7 




_^_ 


















8 


'To Reg' Select 


LA402 




















■ 


















'7/777777777 














■ 


W77777tyA\ 


























9 


'From Reg' Select 


LA411 


















































































m 


Y/MMM 


MMMM 


10 


LS to SAR 


KB411 


















































































V//////{///. 


7777777777/ 


V7777/77//7s 


777/777/777 


11 


LS to MAR 








777SA7777K 














ytwstwA 






Z77Z77777, 










Wv777777Z\ 












































12 


LS to FDR 


KB401 
















































































■ 


■ 


13 


LS to TDR 




















































































14 


MAR to LS 


LA702-712 


\ 












■ 











■1 


V777777777A 






















































15 


Set ALU (I/O Bus) to LS 




























■ 










m 






■ 










m "~ 






■■ 






















16 


LS Write 


LA302/313 


















Not ALC 








MMWM 








ALC 






























ALC End Op 














17 






















































































18 


Set Address Check 


RA501 




High/low 






































AC bit on 






































V777/77777A 




WM/MM 


V//////////. 


AC bit en 


19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 




































■ 














































21 


Increment by 2 


RA403 


\ 











































































, 






2? 


Decrement by 1 


RA401 













































































r" " 






23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








wwwm 


77777777777/ 


77777777777, 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Inh 


MA401 




















0-15 to 0-15 














0-15 to 0-15 














0-15 to 0-15 










0-7 to 0-7 if SAR 15, 8-15 to 8-15 if no SAR 


5 








28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 




















































































31 


Eight Shift Control 


RBI 62 








Undef 


ned _ 











Not shift 8 












Not shift 8 if SAR 


5, cross shift if no S 


AR15 












Not s 


hift 8 if SAR 15, cro s shift if n 


SAR 15 




















32 


Shift by 2 or 4 


RBI 61 




















1 




























































33 


No Shift 


RBI 62 




















0-15 














0-15 














0- 


5 














0-15 












34 


Test Packed Byte or Sign 


RA502 




































1 












































35 


Normalize Sign Active 




































1 












































Vi 




RBI 71 


















0-7/MVN=8-ll, 


MVZ = 12-15 










0-7/MVN =8-11, MVZ = 12-15 










MVN = 12-15,' MVZ =8-11 










MVN 


= 12-15, MVZ =8-11 










37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB41 1 






































Reset 












































40 


Invert Switch Control 


RB301 


















Not true, not invert =/FFFF/ 










Not true, not invert =/FFFF/ 














[True 0-15= /true/ 












True 0-15= /true/ 












41 






































| 












































42 


ALU Control Gate 


AA301 


































AND 
















:OE 
















OE 












43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 




































































-7 (no SAR 15) or 8-15 (SAR 1. 










47 


ALU to Inh 


MA401 


































































"8-12 to C 


)) 








48 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 


Op Reg to Address Bus 


KA541 


, 
















































































\ 




































52 


I/O Display Address Out 


















































































53 


Al low-Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 




(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






































— Drops if end op FL on 












































59 


Skip Cycle 3 to Cycle 1 


KA411 


^ 




























\ 


f 


















































60 


Decrement Carry 


RA301 




control Al 
























MM 






















































61 


End Op Gate 


KA412 


-V Cycle 














































































6? 


End Op Latch 


KA411 


J 
















































































63 






















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 


















































































■ 




■ 


■ 


68 


Set Process Check 


CC122 














L5A 




Any chk 












LSA/Mod 




Any chk 












LS A/Mod 




j"Any chk 










LSA/Mod 




Any chk 












LSA 




69 


Set LSA Check 


CC221 


\ 
















W»»»?M 
















VS777S77/77. 




















V//MW' '/////////// 






















70 


Set Mod Check 


CC101 


































ALC 
































ALC end op 














Not ALC 


V7777777777/ 


>///////////. 


71 


Set SU Check 


CC102 


























AT8fl|i 


5 














AT8HM 


5 














ATRm 
















AT8MI 








72 


Set ALU Check 


\Any check 














































































73 


Set Bus Check 


1 
















































































74 


Set SAR Check 


CC101 


















































































V//////7////. 


'7777777777A 


W//////77, 


75 


Set Inh Check 


/ 

















































































Function signals: ACycle V777X Cycle | 



"Do not care" signals: ACycle [ 



• Diagram 5-41 . Move Numeric/Zone (XX, ALC) (Part 2 of 2) (03746A) 2020 > 50,000 FEMDM Vol 2 (8/69) 



The 'from reg' is added to 
(or subtracted from) the 'to reg'. 
The result is set into 'to reg'. 
The 'from reg' remains unchanged. 
The condition code latches are set 
if the CC bit (instruction bit 6) 



For set carry (SC) instructions 
a carry out of the halfword turns 
on the carry latch, and a previous 
carry is implemented in the 
addition (or subtraction). 



For SHSC a previous 
carry must be simulated by 
turning on the carry latch (aux 
carry latch). The carry latch 
can be turned on by a CTRL 
microinstruction. 
(ctrl/10/, bit 11). 



AH/AHSC 



before execution 



a ins unchanged 



LS reg 4 
after execution / 



I (Negative binary number) 



No previous carry 



If CC bit on ► 



Condition Code 





1 


2 


3 





1 









Result less than zero 









Microi 


nstruction Layout 












| 1 | 2 | 3 


4 


5 


6 


7 


8 | 9 | 10 


11 


.* 


13 | 14 | 15 




Op Code 


CC 


AC 


To Reg 


From Reg 




B 
























B 





1 


















B 


1 












<+ 





O 




B 


1 


1 
















Set condition code if or 
Ignored 




a a; a 




a 



























MNEM OPERANDS 



For SC ^ No carry (carry latch off) 



B242 


AH 


4.2.CC 


B642 


AHSC 


4,2,CC 


BA42 


SH 


4,2,CC 


BE42 


SHSC 


4,2,CC 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046. XXX 

CC,R4»=R4+R2 

CC,C/R4»=R4+R2+C 

CC,R4*=R4-R2 

CC,C/R4*=R4-R2-NOT C 



Type 



A Cycle 




T6 | T7 | T8 



CORE STORAGE - 



Read out and 
regenerate mic 
instruction 



._J_. 



| SDR 



L B _ 2 -i- 4 

(6) 


.V 




(A) 
(E) 
AH 


Op Reg 
B 2 ,4 2 




AHS 

SH 

SHS 


C (6) 

(A) 

: (E) 







SH uncond 
AHSC/ShSC — 
if aux carry FL 



AH/AHSC 
SH/SHSC 
AH/AHSC 
SH/SHSC 



FDR 
1111 



(LS reg 2) 



From Reg 
11,11 



Condition Code 



10 
10 
10 
XXXI 



Result is zero 



suit is less than zero 



Result is greater than zero 



Required Circuit Condition 



ALU bit off and ALU not zero 



Exclusive OR of ALU Carry Bit 1 
and ALU carry bit 



h I 2 1 3 

CC FL's 




l_8_0j_0 _2 J 



~1 

2 P 






IAR 
8 


4 


1 
1 
1 






l 


i 


IMAR 


2^ 


\ 

+2 






|_8_0j_0_ 









To Reg 
A B, d D 



AH/AHSC 



To Reg 

b c , d e (f; 



SH/SHSC I 9 A, B C 



Tsar ~| 

l_8_0_ L 0_2_| 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals? 
ACycle I I 

Cycle 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

Diagram 5-42. Add/Subtract Halfword, Add/Subtract Halfword and Set Carry (DD) (Part 1 of 2) (03747A) / 2020 > '50,000 FEMDM Vol 2 (8/69) 



No 


r*- 


ALD 


mmmmmmmm *•■ R~d. i write i i „ i i > < i i ' | ' ■. - *| 


'//////////A A Cycle | | | | ' ' 


mmmmMmmmmfMW/fM^, 


Cycle 


'"--.. 








T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 


















































































7/////////// '/;///////;/, 


■ 


■ 




3 


LS Current PL Zone Gate 


f 
















































































4 


New/Current PL 




fcw 


New/current PL's may di 
SSSSSW* vK*SJSS?SK S\\\\\\W 


fer 








^vvvvvvvv4 


sVVV^VVVVV 


SSSSSSSS^W swvvvvvvvvv 


\vvv\V\\\^d 


^^\^\\\\v| 






















































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X- Address 


LA412 






7 


7 , 






7 


7 


































































/s/////////;. 


WMMM/. 






8 


'To Reg' Select 


LA402 


















































































9 


'From Reg' Select 


LA4U 


















































































10 


LS to SAR 


KB411 


















































































WMMM. 


11 


LS to MAR 


















































































VMSMW 


12 


LS to FDR 


KB401 




















































































13 


LS to TDR 
















































































14 


MAR to LS 


LA702-712 


f 






















m 


























































15 


Set ALU (I/O Bus) to LS 
























































































16 


LS Write 


LA302/313 


















































































17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































21 


Increment by 2 


RA403 


( 
















































































22 


Decrement by 1 


RA401 


















































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








W/////////J. 


C» 


MMi 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Inh 


MA401 
















































































28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 


















































































■ 


31 


Eight Shift Control 


RBI 62 






k— 


Unde 


fined 










Not shift « 




























































32 


Shift by 2 or 4 


RBI 61 




















1 




























































33 


No Shift 


RBI 62 




















0- 


15 




























































34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RBI 71 


















































































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 


































































































40 


Invert Switch Control 


RB301 




















































































nvert 0-15 = /invert/ 








41 




































































































42 


ALU Control Gate 


AA301 




















AD 


DER 




























































43 


Additional Carry 


AA302 


_ Unconditional if S 
when aux carry FL 


\; conditic 


>nal if AHS 


C/SHSC 
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Diagram 5-42. Add/Subtract Halfword, Add/Subtract Halfword and Set Carry (DD) (Part 2 of 2) (03747A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



The halfword addressed by the 
'from reg' is added to (or subtracted 
from) the 'to reg'. The result is set 
into 'to reg'. The 'from' halfword 
remains unchanged. The condition 
code latches are set if the CC bit 
(instruction bit 6) is on. 

A previous carry (aux carry 
latch on) is implemented in the 
addition (subtraction). 



For SHSC a previous carry 
must be simulated, if not already 
present, to obtain a valid two's 
complement of the 'from operand'. 
The carry latch can be turned on 
by a ctrl /10/, bit 11, as well as 
during arithmetical ALU operations. 

For SC instructions a carry 
during addition (subtraction) turns 
on the carry latch. 



The 'from reg' address is 
decremented by 2. If the AC bit 
(instruction bit 7) is on, an 
address check occurs when the 
'from reg' address is outside 
customer area or not on halfword 
boundary. 
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refer to timing chart below. 
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• Diagram 5-43. Add/Subtract Halfword, Add/Subtract Halfword and Set Carry (DX) (Part 2 of 2) (03748A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



A Cycle 




The 'from reg' is added to (subtracted 
from) the halfword addressed by the 
'to reg'. The result is set into the 
halfword addressed by the 'to reg'. 
The 'from reg' remains unchanged. 
The condition code latches are set if 
the CC bit (instruction bit 6) is on. 

A previous carry (aux carry latch 
on) is implemented in the addition 
(subtraction). 



For SHSC a previous carry 
must be simulated, if not already 
present, to obtain a valid two's 
complement of the 'from operand". 
The carry latch can be turned on 
by a Ctrl /10/, bit 1 1 , as well as 
during arii-hmetical ALU operations. 

For SC instructions, a carry 
during addition (subtraction) of the 
two halfwords turns on the carry latch. 



The 'to reg' address is decremented 
by 2. If the AC bit (instruction 
bit 7) is on, an address check occurs 
when the 'to reg' address is outside 
customer area or not on halfword 
boundary. 
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0-15 to 0-15 




























48 


ALU to SAR 


KB411 












































* 






































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 


Op Reg to Address Bus 


KA541 


















































































\ 




























52 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 


(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 




AA411 
AA412 


















































































59 


Set CC and Carry 


















































































60 


Allow CC Setting Latch 


















































































61 




















































































62 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 












































■I 
















■ 






















68 


Set Process Check 


CC122 














LSA^ 




Anychk 












^A^od 




Any chk 












LSA/Mod 




Any chk 










^LSA 




















69 


Set LSA Check 


CC221 


> 




V9SWMM 


V77777777777\ 






























77777777ZV> 






VAAAAAAAAAzk 






































70 


Set Mod Check 


CC101 




















































































71 


Set SU Check 


CC102 


( 






















AJ8^BI 
















AT8HH 
















AT8MM 
























72 


Set ALU Check 


>Any check 














































































73 


Set Bus Check 


















































































74 


Set SAR Check 


CC101 


T 
























UW/SAVM 
















WMMM 








































75 


Set Inh Check 


±Z 






























































Cycle of next microinstruction 













Function signals: A Cycle £ ™J Cycle | 



"Do not care" signals: ACycle I 1 Cycle | 



Diagram 5-44. Add/Subtract Halfword, Add/Subtract Halfword and Set Carry (XD) (Part 2 of 2) (03749A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 




The halfword addressed by the 
'from reg' is added to (subtracted 
from) the halfword addressed by 
the 'to reg'. The result is set 
into the halfword addressed by 
the 'to reg'. The 'from' halfword 
remains unchanged. 

The condition code latches are 
set if the CC bit (instruction bit 6) 
is on. 

A previous carry (aux carry 
latch on) is implemented in the 
addition (subtraction). 

For SHSC a previous carry 
must be simulated, if not already 
present, to obtain a valid two's 
complement of the 'from operand 1 . 
The carry latch can be turned on 



by a Ctrl /10/, bit 11, as well as 
during arithmetical ALU operations. 

For SC instructions a carry 
during addition (subtraction) of 
the two halfwords turns on the 
carry latch. 

Both operand addresses are 
decremented by 2. If the AC 
bit (instruction bit 7) is on, an 
address check occurs when the 
'from reg' or 'to reg' address is 
outside customer area or not on 
halfword boundary. 

The operation is performed in 
ALC mode when 'to reg' =3 and 
'from reg' = 5; LS register 1 
contains the field length. The 
field length must reflect the 



number of bytes to be operated 
(always an even number) reduced 
by 2. 

For ALC, the operand addresses 
are updated by -2 every time a 
halfword is added (subtracted). 



INST 

B3CA 
B7CA 
BBCA 
BFCA 
B7BD 



MNEM OPERANDS 



AH 
AHSC 



SHSC 
AHSC 



41, 21, CC, AC 
41, 21, CC, AC 
41, 21, CC, AC 
41, 21, CC, AC 
31, 51, CC, AC 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 
CC,HW(R4,AC)*=HW(R4, -2)+HW(R2,AC,-2) 
CC,C/HW(R4,AC)*=HW(R4, -2)+HW(R2,AC, -2)+C 
CC,HW(R4,AC)*=HW(R4, -2)-HW(R2,AC, -2) 
CC,C/HW(R4,AC)*=HW(R4,-2)-HW(R2,AC,-2)-NOT C 
CC,C/HW(R3,AC)*=HW(R3,-2. UNTIL R1,LT,0)+HW (R2,AC,-2)+C 



LS reg 4 | .' 
before execution 



SH/SHSC 



LED-* 



^ ea< * Remains unchanged 



LSreg2 | ] 2 | 4 j T"r -°- ut - + \ 1 \ 1 | . , , 



before execution 



after execution 



i o : 2T4 :-6 i 

LS reg 2 

after execution 



•nvert 1 E j E | E ; E | 

+ 1 < 



I 

SH uncond . 
-SHSC if carry 

FLon, 
-add to »> 



After execution - ! 9 



C D J before execution 











Miscroinstruct 


on Layout 








TT 


1 |2| 3|4 


' 


6 


7 


8 | 9 | 10 | 11 


12 | 13 | 14 


,5 


Op Code 


CC 


AC 


To Reg 


From Reg 


B 












1 




1 




B 





1 






1 




1 




B 


1 









1 




1 




B 


1 


1 






1 




1 





J C h - If CC bit on— ►fT 



. Conditi 


>n Code 





1 


2 


3 





1 









For SC. carry (carry latch on) 



Result less than zero 



Set condition code if on T 

If on, the 'from' and 'to' addresses are checked 
that they are not outside customer area 



Repeat A Cycle 1 - A Cycle 2 - A Cycle 3 



r 



A Cycle 1 



A Cycle 2 




A Cycle 



Type 



XX 

(ALC) 



Cycle 



Cycle 1 



Cycle 2 



Cycle 3 



T2 T3 T4 T5 



Ijl 



T2 



CORE STORAGE - 



Read out and 
regenerate micro- 
instruction 



Read out and 
regenerate 



Read out and 
regenerate 



Read out 
'to operand' 



fSDR 



_ 3 -L C _ A J 

(7) 
(B) 
(F) 



Op Reg 



AHSC (7) 
SH (B) 

SHSC (F) 



LLO4O.2J I 



._* 



:~B — o 



'8 0,0 2 ' 



JH__ 



jJ-JxLLi 



TDR 
1111 



^ 



F F F F 
F F I F F 



TFrom Reg " 

[0 _2 4 



(LS reg 2) 



L _ 2 + l 8 _[. 

I 

I 

Tsar I 

1 I 

|_0_2_ J 4 8j 




FDR 
blank 




Store halfword 
into position 
addressed by 
'to reg' 



L."L SLi i: „ w j 



Condition Code 


10 
10 
10 

X X X 1 


Result is zero 


Result is less than zero 


Result is greater than zero 


Overflow 



In ALC mode, the condition code is set 
to 1000 (result zero) by a preceding 
control instruction. During the ALC 
repetition, further condition code 
setting is suppressed when a condition 
other than a result zero is detected. 
In ALC mode the final condition can 
only be result zero or result not zero. 




1 j/-*-. 



. To Reg 



Carry FL 



_U2_2_j 



<~mar" ~[ 

L J.| 2 -ti r ~ 

1 


1 1 

->1ac I 
L__J 


Tsar 1 
1 | 




10 12 4 j 





.1 _ 



: l-- 



IAR 
8 



._!__ 



J"- J ! 

-Hac, 



, SAR 




Note: For "Do 
refer to timing 

"Do not care" 
ACycle CZ 
Cycle 



not care" functions 
chart below. 

signals: 
ZU 



Functions performed during cycle time are shown by foil lines and functions performed during A cycle time are shown by dotted lines. 

Diagram 5-45. Add/Subtract Halfword/ Add/Subtract Halfword and Set Carry (XX, ALC) (Part 1 of 2) 



(03750£) 



2020 > 50,000JEMDM VoJ 2 (8/6?l 





No 


Name 


ALD 


mmZzM^mZZmW^ ^ead ^ | Write |^ P Read | Write | Read | Write | Read | Write | k . J 




////////M\ , ACvcleO 1 > ACyclel , | A Cycle 2 > |i ACycle 3 | * 




mmmmm^MmmmmmMMm. 


Cycle 


Cycle 1 


Cycle 2 


Cycle 3 








T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


17 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 




1 


Sense Trap Request Lines 


LAI 03 




















































































2 


LS New PL Zone Gate 


KA511 
































i P" " 














&//////////< wm 


























3 


LS Current PL Zone Gate 




















































































fc: 














W/A>//////. 


M///WA 












■ 






'//////////a '//////////A 








■ 






4 


New/Current PL 


New/current PL 


s may diff« 












































































5 


CE LS Select 


CC222 








































































6 
























































































7 


Fixed X-Address 


LA412 




7 7 
V77777777777X77777777777i 






7 
■ 


7 












1 
/////MM. 




1 




























7 
'//////////A 




7 




















8 


'To Reg 1 Select 


LA402 




















































































■ 


'///////////. 




■I 


W////////S 


WM/MM 




9 


'From Reg' Select 


LA411 




















































































■ 


W////////A 


W////////A 




10 


LS to SAR 


KB411 




















































































v//;/x7m 


W///AW//. 


'W////////A 


W///////M 




11 


LS to MAR 




















































































V/JWM//, 


W/W//M 


W/W//M 


V/tMW/M 


WMM/M 


VJMMM, 




1? 


LS to FDR 


KB401 




















































































■ _,. 


■ 




13 


LS to TDR 




















































































■ 




14 


MAR to LS 


LA702-712 


\ 


















































































15 


Set ALU (I/O Bus) to LS 


























































































■ 




■ 




■ 










16 


LS Write 


LA302/313 


















Not ALC 
















ALC 


















































'//////////A 


WJW//M 






17 
























































































1R 


Set Address Check 


RA501 


High/low, halfword boundary 




















AC bit on 
















AC bit on 
















AC bit on 


























V/////////A 


VAV//////A 




19 


Branch Go 


RA502 




















































































20 


Increment by 1 


RA402 




















































































?1 




RA403 


\ 











































































■ 








2? 


Decrement by 1 


RA401 




















































































?1 




RA402 




















































































?4 


Prevent Mod-SAR-lnh Check 


KA511 




















































































25 
























































































26 


Prevent Storage Use 


MA402 




















































































27 


SDR to Inh 


MA401 




















0-15 to 0-15 














0-15 to 0-15 














0-15 


o0-15 






























28 


SDR to Op Reg 


KB102 




















































































29 
























































































30 


SDR to TDR 


KB402 




















































































■ 




31 


Eight Shift Control 


RBI 62 








Undefined 






























Not shift 8 






































32 


Shift by 2 or 4 


RBI 61 




















































































31 


No Shift 


RBI 62 




















0-15 














0-15 














0-15 














0- 


15 














34 


Test Packed Byte or Sign 


RA502 




















































































35 


Normalize Sign Active 




















































































36 




RBI 71 




















































































37 
























































































38 


ALU to FDR 


AA303 




















































































39 


Reset FDR/ Retain FDR 0-7 


AA303/KB411 






































Reset 




































































/ / 
























40 


Invert Switch Control 


RB301 














































































nverr 0-15 = /invert 
















nvert 0-15 = /invert/ 


/ 


















41 


































| 























































































































AD 


DER 














AND 














ADDER 














AD)ER 














43 


Additional Carry 


AA302 








condition 


il if AHSC 










































































44 


Six Correction 8-11/12-15 




aux carry FL on 










































































45 


Set Carry Latch 


AA402 










































































Al8^m 


^B AHSC/SHSC 






4* 














































































■M If CC bit on 






47 


ALU to Inh 


MA401 




































































0-15 


to 0-15 














48 


ALU to SAR 


KB411 




















































































49 
























































































50 


Data Switch to Op Reg 


KB402 
























































































KA541 




















































































5? 




) 1 


















































































53 


Allow Strobe 




















































































54 


SENS Strobe/Control Strobe 


BA102 


(Displ SENS strobe) 














































































55 


Sense Reset/CTRL Strobe 




















































































56 


Prevent ALU and SU Check 


BA103 




















































































«i7 


I/O Bus to FDR 




















































































58 




AA411 
AA412 

KA411 
RA301 
KA412 
KA411 




















































































59 


Set CC and Carry 




















































































60 


Allow CC Setting Latch 














































































Reset T6 . 




61 




































Drops if end op FL on 


















































\ 




























' 


1 




















































63 


Decrement Carry 


4-Cycle 


control A 
















































































64 


End Op Gate 


c 














































































65 


End Op Latch 




















































































66 






















































































67 


Set ALU Test Latch 


CC121 




























■ 
















■ 
















■ 
















■ 








68 


Set Process Check 


CC122 














LSA 




Any chk 












LS A/Mod 




Any chk 












LSA/Mod 




^ny^ 












LSA/Mod 




Any chk 












LSA 






<S9 


Set LSA Check 


CC221 


\ 




































V/////////M 




Y///A//////A 












V/////////A 






























70 


Set Mod Check 


CC101 


















Not ALC 














ALC 
























w#wm 








ALC end op 
















71 


Set SU Check 


CC102 


( 
























AT8^_ 
















AT8^h 
















AT8MH 
















AT8MB 










72 


Set ALU Check 


>Anyc 


heck 
















































































73 


Set Bus Check 


( 


















































































74 


Set SAR Check 


CC101 


T^ 








































W////////A 
















>////;////// 


























75 


Set Inh Check 




±Z 

















































































Function signals: A Cycle EJ3 Cycle | 



signalsi ACycle I I Cycle 



> Diagram 5-45. Add/Subtract Halfword, Add/Subtract Halfword and Set Carry (XX, ALC) (Part 2 of 2) (03750A) 2020 > 50,000 FEMDM Vol 2 (8/69) 



A Cycle 




The 'from reg 1 is ANDed, 
ORed, or exclusive ORed with the 
'to reg'. The result is set into 
'to reg'. The 'from reg' remains 
unchanged. The condition code 
latches are set if the CC bit 
(instruction bit 6) is on. 

The address check is ignored. 



LS reg 2 
remains unchanged 



LS reg 4 
before execution 



Op Code 



Set condition code if on - 
Ignored - 



n Layout 



9 | 10 [ 11 12 | 13 | 14 | 15 



LS reg 4 | B 
after execution 



TT 



I AND result 
OR result 



I 8 1 5 | EOR result 

I __ ZT1 |f cc bit c 



Condition Code 





1 


2 


3 





1 









C242 
C642 
CA42 



MNEM OPERANDS 

AND 4,2,CC 

OR 4.2.CC 

EOR 4.2.CC 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 

CC,R4*=R4,A,R2 

CC,R4*=R4,OR,R2 

CC,R4*=R4,OE,R2 



Result not zero 



Cycle 



| 17 | T8 | T1 



I T8 I T1 



A T8 



CORE STORAGE - 



Read out and 
regenerate mic 
instruction 



I 

"SDR \ 

I 

L_ c _ 2 i_ 4 _ 2 _j 

(6) 



(A) I Op Reg 



(6) 
(A) 



FDR 
1 2 4 



From Reg 
1 2, 4 



|_8 _0 , 



~1 






IAR 
8 4 


i 
i 

r- 1 

1 MAR 1 


+2 


i 


i 


|_8 0_ 1 _0 2_| 









Condition Code 


Required Circuit Condition 


10 
10 


Result is zero 


ALU zero 


Result is not zero 


ALU not zero 



A B C D 




1 2 4 

1 



To Reg 
A B. C D 



(LS reg 4) 



/ABC D/= 1010 1011 1100 1101 
/I 2 4 8/= 0001 0010 0100 1000 

Result : 

AND 0000 0010 0100 1000 =/0248/ 

OR 1011 1011 1100 1101 =/BBCD/ 

OE 1011 1001 1000 0101 = /B 9 8 5/ 





i 


' 




AND 


To Reg 

2 ,4 8 






C 


R 1 B B ,C 


D 




OE 1 B 9,8 


5 



_i. 



I I 

L 8_0 J _0_2 J 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

Diagram 5-46. AND-OR-Exclusive OR Byte^or HalfwordjDD) (PartJ^of 2) J03751) _ 2020 > 50,000 FEMD^A Vol 2 J8/69) 



No 


Name 


ALD 


mmmmmww Re ad i v™. i - i i i i 1 1 - ^ 




W//W/////////////////^^^^^^^ 


Cycle 










T3 


T4 


T5 


T6 


1/ 


T8 


Tl 


12 


T3 


14 


15 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 


















































































M/M/M/. VMWMM 








3 


LS Current PL Zone Gate 


j 
























■ 
























































4 


New/Current PL 


'New/current PL's may differ 
JUv\W.V* ^W\V\\Vs *RWW\V\\\ ,\\\\\\\\\\\v 


v\\Vv\VW* 


^VttMNttN 






\WvW*S 


vVW^VVV 


v\\s\vv\w 


************ 


msss^vuu 


V^SSkW 






















































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X-.Address 


LA412 






7 


7 






7 


7 


































































7/////////// 


///////////A 






8 


'To Reg 1 Select 


LA402 
















































































9 


'From Reg' Select 


LA411 


















































































10 


LS to SAR 


KB411 


















































































WWAWM 


11 


LS to MAR 


















































































W///MM 


12 


LS to FDR 


KB401 




















































































13 


LS to TDR 
















































































14 


MAR to LS 


LA702-712 


















































































£z 
















■ 




15 


Set ALU (I/O Bus) to LS 
























































































16 


LS Write 


LA302/313 


















































































17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































21 


Increment by 2 


RA403 


j 






7777777777tA 


7777/7/7//A 


V77///////A 






































































22 


Decrement by 1 


RA401 


' 














































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 


















































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Inh 


MA401 
















































































28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 
















■ 


































































31 


Eight Shift Control 


RBI 62 








Unde 













Not shitt « 




























































32 


Shift by 2 or 4 


RBI 61 




















| 




























































33 


No Shift 


RBI 62 




















0- 


li> 




























































34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RBI 71 


















































































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB41 1 


















































































40 


Invert Switch Control 


RB301 


















True 0-15 = /hue/ 




























































41 






















































































4? 


ALU Control Gate 


AA301 






















R-OE 




























































43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 


























AT8MH 


^M If CC bit on 




















































47 


ALU to Inh 


MA401 


















































































48 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 


Op Reg to Address Bus 


KA541 


















































































j.„_ 












52 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 




(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































">9 


Set CC and Carry 


AA411 


















































































60 


Allow CC Setting Latch 


AA412 


















































































61 






















































































6? 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 


















































































■■ 


68 


Set Process Check 


CC122 














L£A 




Any chk 












L£A^ 




















































69 


Set LSA Check 


CC221 


V 




777777777777/ 


W/WMSS/ 










































































70 


Set Mod Check 


CC101 


—^ 


















































































71 


Set SU Check 


CC102 


























AI8JB1 
























































72 


Set ALU Check 


^Any 


check 














































































73 


Set Bus Check 




















































































74 


Set SAR Check 


CC101 




















































































75 


Set Inh Check 


2z: 




























Cycle of next microinstruction 







































Function signals: ACycle BSCT Cycle | 



"Do not care" signals: ACycle I 1 Cycle 



Diagram 5-46. AND-OR-Exclusive OR Byte or Halfword (DD) (Part 2 of 2) (03751A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



The byte addressed by the 'from reg' is 
ANDed, ORed, or exclusive ORed with 
the halfword in 'to reg'. The 'from' byte 
is extended to a halfword by high-order 
zeros. The result is set into 'to reg'. The 
from byte remains unchanged. 

The condition code latches are set if 
the CC bit (instruction bit 6) is on. 



The 'from reg' address is incremented 
by 1 . If the AC bit (instruction bit 7) 
is on, an address check occurs when 
the from reg address is outside customer 



LS rea 2 1 J 


1 1 2 J3 | 


before execution 


t 


LS req 2 | \ 


1 2 J 4 I 


after execution 


LS reg 4 L A ^_ 


B | c ; D | 



Read out addressed byte 

Extended to halfword by 
highorder zeros 



Remains unchanged 



Microinstruction Layout 



^ 



before execution CZ 



AND 
-OR 



' i I o I 



^T 


■ h |3 |4 


5 


6 


7 


8 


9 llO 


11 


12 


,3 1,4 


.= 


Op Code 


CC 


AC 


To Reg 


From Reg 


C 

















1 




C 





1 











1 




C 


1 














1 





AND result 
OR result 
OE result 



Set condition code if o 

If on, the 'from addr' is checked — ' 
that it is not outside customer area 



1 I DX 1 



LS reg, 



: 



EOR 

. If CC bit on 



Conditio 


nCode 





1 


2 


3 





1 









C34A 
C74A 
CB4A 



MNEM OPERANDS 

AND 4,2I,CC,AC 

OR 4,2I,CC,AC 

EOR 4,21, CC, AC 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 
CC,R4*=R4,A, l 00«/BY(R2,AC,+l) 
CC,R4*=R4,OR, , 00 , /BY(R2,AC i +1) 
CC,R4*=R4,OE,«00»/BY(R2,AC,+1) 



Typ* 




A Cycle 2 



T6 T7 T8 Tl 



T2 T3 



CORE STORAGE - 




T6 T7 T8 Tl 



T2 | T3 



T4 15 



Read out and 
regenerate mic 
instruction 



Read out and 
regenerate 
'from operand' 



ISDR I 



C 3 |4 A 



(7) 
(B) 



Har 



1 

2 M 


2 




IAR 
8 


4 


1 

1 

1 






i 


i 


wvIar 


+2 






l_8 ( 









Tsa? i 



._i_ 



i_LJ± 4 _il 



TDR 

1 2 .4 



X 




nn 



r From Reg ^ f~" From Reg ~~ ' 



i 





i 






Ima 
1 




~ T + r^ 


L°_ 


^ 


Jl. 


_J r . 1 




h 


— 


--Hac | 




.i 




1 1 


Tar 


— i 
I 




ii. 


Lj. 2 


_ 3 j 

T 

SAR 15 





A B C D 



FDR 

0,4 



Condition Code 



10 
10 



Resul t is zero 



I 1 1 2 1 3 



A B C D 

I 1 I I I I I 

A B C D 



AND-O 




To Reg 
A B , C D 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle 1 1 

Cycle 





V 




AND 


To Reg 
0,4 8 


~|, 


o 


R | A B | C 


■> 


OE | A B ,8 5 1 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

Diagram 5-47. AND-OR-Exclusive OR Byte or Halfword (DX) (Part 1 of 2) (03752) 2020 > 50,000 FEMDM Vol 2 (8/69) 



No 


Name 


ALD 


wmMMmmwA **« i w*. i , Rea d , i Wri te v//////mm^^^^^^^ i 1 ■■ «i 


'///////S/tfl A Cycle | A Cycle 1 | A Cycle 2 | — p ' ' 


wmmmMmmmjafflMffitMmtMM,. 


Cycle 


Cycle 1 


Cycle 2 






T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 


















































































MMWA W//Mm 




VMWAWA m 








■ 






3 


LS Current PL Zone Gate 


s — 
























VAV//////A 


■ 




m - -....., 










h™ 








































4 


New/Current PL 


yyvsNswvv 


New 


/current P 


.'s may dii 


fer 








































1 






























5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X-Address 


LA412 






7 


7 






7 


7 












1 




1 












7 




7 


































W»»M»>. 


;»»>?»», 


■ 










■ 


8 


'To Reg 1 Select 


LA402 






















































































9 


'From Reg' Select 


LA411 




















































































WMMfM 


W/M/M,. 


10 


LS to SAR 


KB411 


















































































'MW/SAVA 


WS/////M 




11 


LS to MAR 


















































































MM///M 








12 


LS to FDR 


KB401 


















■ 


































































13 


LS to TDR 




















































































14 


MAR to LS 


LA702-712 
















































































l_ 








■ 








■ 


X W/A>////A. 














III 








■ 




15 


Set ALU (I/O Bus) to LS 






















































































■ 


■ 




■ 


16 


LS Write 


LA302/313 
















































































MMMM 


17 






















































































18 


Set Address Check 


RA501 




Hig 


h/low 












































































WA>A>//A>/ 




19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































21 


Increment by 2 


RA403 


\ 
















































































22 


Decrement by 1 


RA401 


















































































■ 








23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








WM»»M 


^«^ 








































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































?7 


SDR to Inh 


MA401 




















0-15 to 0-15 
















0-15 


to 0-15 












0-1 


5 to 0-15 




























28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 


















































































■ 


■ 


31 


Eight Shift Control 


RBI 62 








Unde 


fined 




\ 






Not shift 8 












Not s 


hift 8 if SAR 15; cross shift if no SAR 15 








Not shift 8 (no storage use) 


























32 


Shift by 2 or 4 


RBI 61 


















































































33 


No Shift 


RBI 62 




















0- 


15 
















0-15 
















0-15 




























34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Syppress 


RBI 71 




































0-7 












































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 






































Reset 












































40 


Invert Switch Control 


RB301 




















True 0-15= /true/ 


■ 










No 


true, not 


invert =/ 


: FFF/ 












True 0-15 =/true/ 




























41 






















































































4? 




AA301 




















AND- 


DR-OE 














A 


MD 














AND-OR-OE 




























43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 


























































AJ8^B 


^m If CC bit on 




















47 


ALU to Inh 


MA401 


















































































48 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































SI 




KA541 


t 
















































































52 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 




(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































S9 


Set CC and Carry 


AA411 


















































































60 


Allow CC Setting Latch 


AA412 


















































































61 






















































































62 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 












































m 
















* 






















68 


Set Process Check 


CC122 














LSA 




Any chk 












LSA/Mod 




Any chk 












LSA/Mod 




Any chk 












LSA 




















69 


Set LSA Check 


CC221 


\ 




Y7777Z77777 


VA'A'A'A'/A 














ywM/wx 




y;//;/;;;/;/ 












KW/W!I 












































70 


Set Mod Check 


CC101 


— 


























V/AWMW. 
























































71 


Set SU Check 


CC102 


























ATJiM 
















8-15 






































ATfiBH 




AT8^Hi 




72 


Set ALU Check 


>Any 


:heck 














































































73 


Set Bus Check 


















































































74 


Set SAR Check 


CC101 




























WASA/AWA 
















WMiW/*. 








































75 


Set Inh Check 


TZ 






























































Cycle of next microinstruction 













Function signals: ACycle V777X Cycle | 



"Do not care" signals: ACycle I I Cycle 



• Diagram 5-47. AND-OR-Exclusive OR Byte or Halfword (DX) (Part 2 of 2) 



(03752A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



LS reg 4 | 3 \ 2 I ~ 
before execution 



-I- 



Read out addressed byte 



The halfword in the from reg 
is ANDed,ORed, or exclusive ORed 
with the byte addressed by trie 'to 
reg'. The 'to' byte is extended to 
a halfword by high-order zeros. The 
low-order result byte is set into the 
byte addressed by the 'to reg'. The 
'from reg' remains unchanged. 

The condition code latches are 
set according to the halfword result 
if the CC bit (instruction bit 6) is on. 



The 'to reg' address is 
incremented by 1 . If the AC bit 
(instruction bit 7) is on, an 
address check occurs when the 
'to reg' address is outside 
customer area. 



LS reg 4 | 3 \ 2 | 1 \ 1 | 
after execution 



Extended to half- 



Before execution 

- - H a ; b i 

i 1 i 



AND 

OR 

EOR 



LS reg 2 | 1 | 2 | 4~ 



inchanged \__ 



Condition Code 



AND-OR-OE 
! ! I t 



AND result 
OR result 
OE result 









/ 


Vlicro 


nstruction 


-ayout 










u 


, | 2 |3 


" 


5 


6 


7 


* 


9|10 


" 


12 


13 1 14] 


15 


Op Code 


CC 


AC 


To Reg 


From Reg 


C 












1 









C 





1 






1 









C 


1 









1 










Set condition code if on — 
If on, the to addr is checked 
that it is not outside customer area 



r 



OR 
EOR 



C3C2 
C7C2 
CBC2 



MNEM OPERANDS 

AND 4I,2,CC,AC 

OR 4I,2,CC,AC 

EOR 4I,2,CC,AC 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 
CC,BY(R4,AC)*=BY(R4,+1),A,R2. 8-15 
CC,BY(R4,AC)*=BY(R4, + l),OR,R2. 8-15 
CC,BY(R4,AC)*=BY(R4, + l),OE,R2.8-15 



*-lfCCbitc 




A Cycle 2 



Cycle 



T2 T3 74 T5 



T7 T8 



T2 



CORE STORAGE - 



Read out and 
regenerate micro- 



Read out and 
regenerate 
'to operand' 



Read out 
'to operand 1 



Store halfword 
into position 
addressed by 
'to reg' 



.*.__, 



(7) 
(B) 



Op Reg 
C 3 C 



(7) 
(B) 



I SDR ' 



TDR 

A B C D 




X 



X 




Condition Code 


Required Circuit Condition 


10 


Result is zero 


ALU zero 


10 


Result is not zero 


ALU not zero 



ZT 



(LS reg 2) 




From Reg 
1 2,4 



J To Reg 



(LS reg 4) [ To R 



r-«--r 

J MAR J 

' 8 0.0 2! 





IAR 

8 0,04 




i 


i 









(NSI) 



! SAR ' 

! 8 0,0 2| 



2 1 1 

--+ ' 



' MAR 1 



r-*--n 

I SAR 1 

13 2 1 ! 



L 3 _ 2 ] _°_1 



J To Reg J 

!_ 3 __ 2 J_jJ 



[MAR ; +1 ;__ 



T 



r -_*— 

1 SAR 

• 3 2,1 



T 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycIe I I 

Cycle 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

Diagram 5-48. AND-OR-Exclusive OR'Byte or Halfword (XD) (Part 1 of 2) (03753) 2020 > 50,000 FEMDM Vol 2 (8/69) 



No 


N-. 


ALD 


m//MM/MM//M///M Read | Write | 4 Read | ' " "Write 1 ' Read "H w7*e 1 1 1 E TT 


WW/M 




wmM 


mmmmMMMMM00sffl%. 


Cycle 


Cycle 2 


Cycle 3 






T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 




VAWAWM. W/MSMX 






■ 








v;mf/p//>. 


■ ~ 












v///////^//. 


■"' 








































3 


LS Current PL Zone Gate 


\ 
























■ ■" 






■ — | 


















































4 


New/Current PL 




New/ 


'current PL 


's may difl 


er 








































































5 


CE LS Select 


CC222 








































































6 






















































































7 


Fixed X-Address 


LA412 






7 


7 
77777?7Z77?. 






w^- 


^^7^ 












7 




7 












7 




7 

■ 1 


































8 


'To Reg' Select 


LA402 


















































































■ 


WttMMA 




■ 


WMMWA 


W//M 


9 


'From Reg' Select 


LA411 


















































































10 


LS to SAR 


KB411 


















































































W/////////S 


WMS//SM 


VMM/M, 


11 


LS to MAR 


















































































YMMM/A 


WtifflMt 


W/VM//A 




12 


LS to FDR 


KB401 




















































































13 


LS to TDR 
















































































■ 


14 


MAR to LS 


LA702-712 


\ 




























■ 
















■ 




































15 


Set ALU (I/O Bus) to LS 






















■ 
















m 












































16 


LS Write 


LA302/313 


















































































WMMM 


17 






















































































18 


Set Address Check 


RA501 


Hi 


jh/low 
























AC bit o 


i 














I 

AC bit on 




































'///////////. 


WMMM 


19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































21 


Increment by 2 


RA403 


\ 


\///S/S///A 


ysMM/sA 


vmjmmA 


y77777?/7/A 


V/////////A 
















m 






















































22 


Decrement by 1 


RA401 


















































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








7W/M/M 


VM/M/M 


WMM///. 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Inh 


MA401 




















0-15 to 0-15 














0-15 t 


o0-15 










o-; 


to 0-7 if SAR 15; 8-15 to 8-15 if no SAR 15 
























28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 




















































































31 


Eight Shift Control 


RBI 62 








Und 


tfined 











Not shift 8 
















No 


t shift 8 if 


SAR 15; c 


oss shift if 


no SAR 15 




































32 


Shift by 2 or 4 


RBI 61 




















1 




























































33 


No Shift 


RBI 62 




















0-15 

















-15 














0-15 




























34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RBI 71 




















0-7 














0-7 














0.-7 




























37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 


















































































40 


Invert Switch Control 


RB301 




















True 0-15= /true/ 














True 0-15 =/true/ 














True 0-15 =/true/ 




























41 
























1 




























































4? 




AA301 




















AND - OR - OE 














AND-( 


DR-OE 














AND - OR - OE 




























43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 


















































































A T»HMI 




47 


ALU to Inh 


MA401 
















































8- 


5to^( 


noSAR15) 


or 8-15 (SAR 15) 


























48 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 


Op Reg to Address Bus 


KA541 


, 
















































































J J 




























52 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 


( 


Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































59 


Set CC and Carry 


AA411 


















































































60 


Allow CC Setting Latch 


AA412 


















































































61 






















































































62 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 
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Set SU Check 
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Set ALU Check 
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Set Bus Check 
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Set SAR Check 
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Cycle of next microinstruction 













Function signals: ACycle EJ3 Cycle | 



"Do not care" signals: ACycle I I Cycle | 



• Diagram 5-48. AND-OR-Exclusive OR Byte or Halfword (XD) (Part 2 of 2) (03753A) 2020 > 50,000 FEMDM Vol 2 (8/69) 



A Cycle 




The byte addressed by the 'from 
reg 1 is ANDed, ORed, or 
exclusive ORed with the byte 
addressed by the 'to reg 1 . The 
result is set into the byte addressed 
by the 'to reg'. The 'from' byte 
remains unchanged. 

The condition code latches are 
set, according to the result, if 
the CC bit (instruction bit 6) is on. 
Both operand addresses are incre- 
mented by 1. 

If the AC bit (instruction bit 7) 
is on, an address check occurs 
when the 'to reg 1 or 'from reg' 
address is outside customer area. 



The operation is performed in 
ALC mode when 'to reg' =3 and 
'from reg' =5; LS register 1 contains 
the field length. The field length 
is the real number of bytes to be 
ANDed, ORed, or exclusive ORed 
reduced by 1 . The operand 
addresses are incremented by 1 
every time a byte has been operated. 



LS reg 2 . | . ', 1 


i2 : 3 1 
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"7 


LS reg 4 1 3 ! 2 | 1 I 1 | 
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Read out addressed byte ->^ 4 ^ 8 ,| 
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AND-OR-OE 



^T 


1 | 2 | 3 


< 


» 


6 


7 


8 


9 | 10 | 11 


12 | 13 


14 | 15 


Op Code 


CC 


AC 


To Reg 


Fro 


nReg 


C 












1 




1 




C 





1 






1 




1 




C 


1 
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If on, the 'from' and 'to' addr's are checked 
that the/ are not outside customer area 



T 1 



AND result 
OR result 
OE result 1 
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on Code 
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41, 21, CC, AC 
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OR 
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CBCA 


EOR 


41, 21, CC, AC 


C3BD 


AND 


31, 51, CC, AC 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 

CC,BY(R4,AC)* = BY(R4,+1),A,BY(R2,AC, + 1) 

CC.BY(R4,AC)*=BY(R4, + l),OR,BY(R2,AC,+l) 

CC,BY(R4,AC)*=BY(R4,+l),OE,BY(R2,AC,+l) 

CC,BY(R3, AC, UNTIL Rl, LT,0)*=BY(R3, +1), A, BY(R5, AC,+1) 



Repeat A CycU 1 - A Cycle 2 - A Cycle 3 No ^ALCN^ Y. 
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-►> A Cycle 
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CORE STORAGE - 



Read out a 
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r-J— , 

I SAR I 
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( SDR 
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OR 
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Suppress 
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FDR 
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/AB/ = 1010 1011 

/48/ = 0100 1000 
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- OE 1110 0011 = /E3/ 



^_T 



-fl Q 4_ 
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FDR 
, 
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I MAK 



r ._t. 

, SAR 



L 3 _ 2 -jL.°J 




Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

Diagram 5-49. AND-OR-Exclusive OR*Byte or HalfWord (XX, ALC) (Part 1 of 2) (03754A) 2020 > 50,000 FEMDM Vol 2 (8/69) 




For condition code setting in ALC mode, 
the condition code latches should be set 
to 1000 (result zero) by a preceding 
CTRL instruction. Further condition code 
setting is suppressed when a condition 
code other than zero is detected. 
In ALC mode the condition code can 
only be result zero or not zero. 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle 



No 
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ALD 


MMM^^M^ Read | Write | , Read . | Write | Read | , 
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1 
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A Cycle 3 | 
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Cycle 


Cycle 1 


Cycle 2 


Cycle 3 




T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 
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T4 


T5 


T6 


T7 


T8 
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T2 
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Sense Trap Request Lines 
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LS New PL Zone Gate 
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LS Current PL Zone Gate 
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'AAAAAAAAAAA > 


AAAAAAAAAA, 
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Fixed X-Address 
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'AAAAAAAAAAA. 




HI 


WAAAAAAAA/ 
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WAAAAAAAAA. 


WAAAAAAAAA, 
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LS to SAR 
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//////////A 
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WAAAAAAAAA. 
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1? 


LS to FDR 
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LS to TDR 
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MAR to LS 
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Set ALU (I/O Bus) to LS 
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LS Write 
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ALC end 
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VAAAAAAAAAA 
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Set Address Check 


RA501 
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v//////////, 
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??. 




RA401 


_) 











































































r" 
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Prevent Mod-SAR-lnh Check 
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Prevent Storage Use 
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SDR to TDR 
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RBI 61 
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0-15 
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0-7 














0-7 
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40 
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End Op Gate 
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Set ALU Test Latch 
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68 


Set Process Check 
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Set LSA Check 
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Set Bus Check 
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Set Inh Check 
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Function signals: ACycle VAAAX Cycle | 



"Do not care" signals: ACycle I I Cycle | 



• Diagram 5-49. AND-OR-Exclusive OR Byte or Halfword (XX, ALC) (Part 2 of 2) (03754A) 2020 > 50,000 FEMDM Vol 2 (8/69) 



The 'from reg' is compared 
with the 'to reg'. 'To reg' and 
'from reg 1 remain unchanged. 
The result of the comparison sets 
the condition code latches if the 
CC bit (instruction bit 6) is on. 
The comparison is done by subtracting 
the 'from operand' from the 'to 
operand' . 

The address check is ignored. 
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u 
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CC.R4, COMP.R2 
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17 T8 Tl 
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CORE STORAGE - 
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|_C l ± A_ 2 J 



Op Reg 

C E i 4 2 




Condition Code 


Required Circuit Condition 


10 
10 


'To operand 1 equals 'from operand' 


ALU zero and ALU carry bit on 


'To operand' smaller than 'from operand' 


ALU carry bit off 


10 


'To operand' greater than 'from operand' 


ALU not zero and ALU carry bit on 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle 



Functions performed during cycle time are shown by full lines and functions performed during A cycle 



s shown by dotted I in 



Diagram 5-50. Compare Logical Byte or Halfword (DD) (Part 1 of 2) (03755) 2020_> 50,000 FEMDM Vol 2 (8/69) 
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Tl 


T2 


T3 


T4 


T5 


T6 


17 


T8 
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'From Reg' Select 
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LS to SAR 
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LS to FDR 
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LS to TDR 
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MAR to LS 
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Set ALU (I/O Bus) to LS 
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LS Write 
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Set Address Check 
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Branch Go 
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Increment by 1 
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Increment by 2 
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Decrement by 1 
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Decrement by 2 
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Prevent Storage Use 
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SDR to Inh 
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SDR to Op Reg 
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SDR to TDR 


KB402 






















Mot shift i 
































































31 


Eight Shift Control 
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Shift by 2 or 4 
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No Shift 


RBI 62 




















0- 
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Test Packed Byte or Sign 
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Normalize Sign Active 
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Suppress 
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ALU to FDR 
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Reset FDR/Retain FDR 0-7 
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Invert Switch Control 
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ALU Control Gate 
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Six Correction 8-11/12-15 
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Set Carry Latch 
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Set Condition Code Latches 
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HB lf CCbiton 
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ALU to Inh 
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ALU to SAR 
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Op Reg to Address Bus 
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I/O Display Address Out 
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Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 
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(Displ SENS strobe) 
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Sense Reset/CTRL Strobe 
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Prevent ALU and SU Check 
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I/O Bus to FDR 
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Set CC and Carry 
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Allow CC Setting Latch 
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Set ALU Test Latch 
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Set Process Check 
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Any chk 
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Set LSA Check 
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Set Mod Check 
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Set SU Check 


CC102 


























A J8HH| 
























































72 


Set ALU Check 
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Set Bus Check 
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Set SAR Check 
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Set Inh Check 
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Function signals: A Cycle 223 Cycle | 



"Do not care" signals; ACycle I I Cycle | 



Diagram 5-50. Compare Logical Byte or Halfword (DD) (Part 2 of 2) (03755A) 
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The byte addressed by the 'from 
reg' is compared with the half- 
word in the 'to reg'. The 'from' 
byte and the 'to reg' remain 
unchanged. The result of the 
comparison sets the condition 
code latches if the CC bit 
(instruction bit 6) is on. 

The comparison is done by 
subtracting the 'from operand' 
from the 'to operand'. The 
'from' byte is extended to a 
halfword by high-order zeros. 



The 'from reg' address 
is incremented by 1 . 

If the AC bit (instruction 
bit 7) is on, an address check 
occurs when the 'from reg' 
address is outside customer 
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• Diagram 5-51. Compare Logical Byte or Halfword (DX) (Part 2 of 2) 



(03756A) 2020 > 50,000 FEMDM Vol 2 (8/69) 



The halfword in the 'from reg' 
is compared with the byte 
addressed by the 'to reg'. The 
'from reg' and the 'to'byte remain 
unchanged. 

The result of the comparison sets 
the condition code latches if the CC 
bit (instruction bit 6) is on. 

The comparison is done by 
subtracting the 'from operand' from 
the 'to operand'. The 'to' byte is 
extended to a halfword by high-order 



The 'to reg' address is 
incremented by 1 . 

If the AC bit (instruction 
bit 7) is on, an address check 
occurs when the 'to reg' 
address is outside customer 
area. 
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• Diagram 5-52. Compare Logical Byte or Halfword (XD) (Part 2 of 2) (03757A) 
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The byte addressed by the 'from 
reg' is compared with the byte 
addressed by the 'to reg'. Both 
bytes remain unchanged. The 
compare result sets the condition 
code latches if the CC bit (instruc- 
tion bit 6) is on. The compare is 
done by subtracting the 'from 
operand' from the 'to operand'. 

The 'from reg' and 'to reg' 
addresses are incremented by 1 . 
If the AC bit (instruction bit 7) is 
on, an address check occurs when 
the 'from' or 'to' address is outside 
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/ <^^<m^^y^^W^^\ te-cicj | Write | Read | Write | Read | Write | | I.I 




y////////M * ACycleO | A Cycle 1 " | A Cycle 2 | «• 1 




mmmmMMmMMMMMmmm. 


Cycle 


Cycle 1 


Cycle 2 








T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 




1 


Sense Trap Request Lines 


LAI 03 




















































































2 


LS New PL Zone Gate 


KA511 






















































































/AAAAAAAAAAA. 


■ 


VAAAAAAAAAA, m 1 


■ 


VAAAAAAAAAA, m 


■ 








3 


LS Current PL Zone Gate 




















































































\ 














AAAAAAA/AAA 


V/S//////// 








'AAAAAAAAAAA, 


VAAAAAAA/Afa 








■ 






4 


New/Current PL 




New/current PI 


's may differ 


































































5 


CE LS Select 


CC222 




















































































6 
























































































7 


Fixed X- Address 


LA412 






7 


7 






7 


7 












1 




^^^ 












7 




^^^_ 




































aaaaaaaaaaa/. 


VMS/MM 


■ 




AAAAAAAAAA, 


WAAAAA/M 




8 


'To Reg' Select 


LA402 




















































































■ 


VAAAAAAAAAA. 


'////////MA 


■ 




9 


'From Reg' Select 


LA411 






















































































'///////////. 


'AAAAAAAAAA/ 




10 


LS to SAR 


KB411 




















































































'AAAAAAAAAAA/ 


'AAAAAAAAAAA 


'AAAAAAA/AAA 




11 


LS to MAR 




















































































'AAAAAAAAAAA 


'A/AAAAtfAAJ. 


VAAAAAAAAAA. 


VAAAAAAAAAA. 






12 


LS to FDR 


KB401 




















































































M, 


III 




13 


LS to TDR 




















































































■ 




14 


MAR to LS 


LA702-712 




















































































\ 








■ 








■ 


A/AAAAAAAAA 










■ 


W/MWA 








■ 






15 


Set ALU (I/O Bus) to LS 


























































































■ 








P 




16 


LS Write 


LA302/313 


















Not ALC 
















ALC 


















































MAAMAAA 


'&46XZ6& 






17 
























































































18 


Set Address Check 


RA501 




























AC bit on 






















































y/AA/AAAAAA. 








19 


Branch Go 


RA502 




















































































20 


Increment by 1 


RA402 




















































































21 




RA403 


t 


v/y///;;///, 




V///AA/AAAAA, 


V/AAAA/AAAAA. 


'AAAAAA/AAAA 
















































— 
























22 


Decrement by 1 


RA401 




















































































23 


Decrement by 2 


RA402 




















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








y/<MW/M 


VAAAAAAAAAAs 


/AAAAAAAAAAA. 








































































25 
























































































26 


Prevent Storage Use 


MA402 




















































































27 


SDR to Inh 


MA401 






















0-15 to 0-15 













-15 to 0-15 














0-15 to 0-15 






























28 


SDR to Op Reg 


KB102 




















































































29 
























































































30 


SDR to TDR 


KB402 




















































































■ 




31 


Eight Shift Control 


RBI 62 








. Und 


efined _ 











Not 


hift 8 












No 


shift 8 if SAR 15; cr 


oss shift if 


no SAR 15 








No 


shift 8 if 


SAR 15; cross shift if 


no SAR 15 


























32 


Shift by 2 or 4 


RBI 61 




































1 














































33 


No Shift 


RBI 62 























-15 














0-15 














0-15 






























34 


Test Packed Byte or Sign 


RA502 




































1 














































35 


Normalize Sign Active 




































J 
















































S 


RBI 71 




















0-7 














0-7 














0-7 






























37 
























































































38 


ALU to FDR 


AA303 




















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 






































Reset 














































40 


Invert Switch Control 


RB301 


















Invert 0-15= /invert/ 










Not true, not 


nvert = /FFFF/ 










Invert 0-15= /invert/' 




























4' 
























































































4? 




AA301 




















AD 


pER 














A 


•^D 














ADDER 






























43 


Additional Carry 


AA302 








Un 


conditiona 


1 








































































44 


Six Correction 8-11/12-15 




















































































45 


Set Carry Latch 


AA402 




















































































46 




























































AT8IM 


■Mlf CC bit on (Allow CC Setting FL) 


















47 


ALU to Inh 


MA401 




















































































48 


ALU to SAR 


KB411 




















































































49 
























































































50 


Data Switch to Op Reg 


KB402 




















































































«>1 




KA541 


t 


















































































S? 






















































































53 


Allow Strobe 





















































































54 


SENS Strobe/Control Strobe 


BA102 




(Displ SENS strobe) 














































































55 


Sense Reset/CTRL Strobe 




















































































56 


Prevent ALU and SU Check 


BA103 




















































































57 


I/O Bus to FDR 




















































































58 
























































































59 


Set CC and Carry 


AA41 1 


























































«* 




— Prevent if CC1 o 


r CC2 previously set 


ALC) 














60 
61 


Allow CC Setting Latch 


AA412 




















































































6? 


Skip Cycle 2 to Cycle 1 


KA411 


\ 


















































































63 


Decrement Carry 


RA301 


l 


























ZTAAAAAAAAs 








y Gat 


e if deer c 


irry 


Gate if CC1 or CC2 = unequal compare 


































64 


End Op Gate 


KA412 


\ Cycle control ALC 































+■- 




¥ 












































65 


End Op Latch 


KA411 




















































































66 


End Op Cycle 2 


KA401 


J 


















































































67 


Set ALU Test Latch 


CC121 




























m 
















m 
















■ 
























68 


Set Process Check 


CC122 














L£A 




Anychk 












^A^od 




Any chk 












^A^od 




Any chk 












^^A 






















69 


Set LSA Check 


CC221 


A 




















AAAAAAAAAAA? 
















77AAAAAAAAA) 






7AAAAAAAAAA? 






































1 


70 


Set Mod Check 


CC101 


V 
















Not ALC 








VA/AAAAAAAA/ 








ALC 








Wtf/SMM 






ALC end op 
































71 


Set SU Check 


CC102 


























AT8_a*_ 














AT8^ 


15 














8- 
AT8HH 


15 
























7? 


Set ALU Check 


>Any check 






















,1,. 
























































73 


Set Bus Check 


( 
























T 
























































74 


Set SAR Check 


CC101 


"T 
























7ZAAAA/AAAAa\ 














'////S"""j. 






















Cycle if not ALC or ALC end 


op ...... ... 














75 


Set Inh Check 


ZZ 




























































Cycle 1 if ALC not end op 
1 1 















Function signals: A Cycle VA7AL Cycle | 



"Do not care" signals: ACycle I I Cycle | 



• Diagram 5-53. Compare Logical Byte or Halfword (XX, ALC) (Part 2 of 2) (03758A) 2020 > 50,000 FEMDM Vol 2 (8/69) 



The two decimal digits in the 
low-order byte of the 'from reg' 
are added to the two decimal digits 
in the low-order byte of the 'to 
reg' (AP) or to zero (ZAP). 

The result, which may consist 
of three decimal digits, is set 
into 'to reg'. The 'from reg' 
remains unchanged. 



A previous carry (aux carry latch 
on) is implemented in the addition. 
A carry, out of the low-order byte, 
turns on the carry latch. The con- 
dition code latches are set. 

A data check occurs when the 
low-order byte of the 'to reg' is 
not in packed decimal format. 

Address check is ignored. 



LS reg 4 fT" j 7 | 6 j T"] befo. 










Micro - 


nstruction 


Layout 






TT 


1 1 2 |3 |4 


5 1 6 


7 


8 | 9 | 10 | 11 


12 


13 | 14 | 15 


Op Code 


AC 


To Reg 


From Reg 


D 























D 





1 


















_tt_.o_t 



LS reg 2 | 8 \ 8 { 5 "j"? 



^— &J r 



— No previous carry 
jit decimal add 



LS reg 4 [ ; 1 I 2 j 1 [ after, 







Conditic 


n Code 


Set 





1 


2 


3 


— unconditional 





1 





1 



INST 


MNEM 


OPERANDS 


D042 


AP 


4,2 


D442 


ZAP 


4,2 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 

CC,C/R4*=«00VR4. 8-15, D8,»00»/R2. 8-15, D+.C 
CC, C/R4*='00»/R2. 8-15, D+, C 



Result not zero and carry 




A Cycle 2 



Cycle 



Cycle 2 




CORE STORAGE - 



Har "• 

I '"I 

L 8 _°4°_ 2 J i 

I I 

! r .i. 

| j MAR 

I L 8 _°_l°_ 

I 
I 

r s -R * " 1 

I I 

L_ 8 _°JL°_ 2 J 



Read out and 
regenerate micro 
instruction 




" 1 
1 

j SDR 

|_D 0_|_4 
(4) 


i 
~1 






AP 


Op Reg 

D |4 2 





/55/ = 0101 0101 

/ff/ = mi mi 

OE result = 1010 1010 =/AA/ 
-6(Add) = 1010 1010 
Result 0100 0100=/44/ 



m 



F 


F 


F F 


n~ 


F 


F 


F 





J" 



Suppress 



AP 
ZAP 



Dat< 

i[ 



Condition Code 


Required Circuit Condition 


10 


Result is zero 


ALU zero 


10 


Result is not zero 


ALU not zero 


X X 1 


Overflow 


ALU carry bit 8 on 


0|1|2|3| 







AP and ZAP must be preceded 
by a control instruction which 
resets a previous carry (latch 
off) and sets the condition code 
to 1000 (result zero) 



0| 1 | 2 | 3 



CC FL's 



N^J 



MM 










Wmmm 



Not 
carry bit 



Forces trap-request 2. 
PL switching is performed 
after the following microinstr. . 
(Sense trap-requ T3 before 
setting data-error FL 17) 



^rr^L| 



To Reg 

7 7|6 



/0066/ = 0000 0000 01 10 01 10 
/00BB/ = 0000 0000 1011 1011 

'Add' result = 0000 0001 0010 0001 =/0121/ 

Carry 8 Carry 12 

J- *■ 

No six correction 



/0000/ = 0000 0000 0000 0000 
/00BB/ = 0000 0000 1011 1011 

Id' result = 0000 0000 1011 1011 =/00BB/ 

No carry 8 No carry 12 

I I 

Six correction 

1011 1011 
-6 (Add) 1010 1010 



Note: For "Do 
refer to timing 

"Do not care" 
ACycle CZ 
Cycle 



not care" functions 
chart below. 

signals: 



0101 0101 =/55/ 

No carry handling 



To Reg 
1,2 



ZAP 0,5 5 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

Diagram 5-54. Add/Zero and Add Packed Byte (DD) (Part 1 of 2) (03759) 2020 > 50,000 FEMDM Vol 2 (8/69) 



K 


i i 




~~~ 










— p— 




_. 











_ 


-«*- 




_ 
































— 




















No 


- 


ALD 


m^^mmm^ A Read | Write V///////////^^^^^^^ \ \ | 1 1 ~\ 




^^^^^^^^^^^^^^^^^^ 


Cycle 


Cycle 2 








T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 






w/;/m///mw»w?A 














■ 






1 J 




















































3 


LS Current PL Zone Gate 


\ 


















m 






















— 








































4 


New/Current PL 


New/current PL's may dif 


\\\\\\\\\\vJ 


SJJSSWiKi}] 






































































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X-Address 


LA412 






7 


7 
W/77/77m 






7 

■ 


^7> 












1 




1 


















































8 


'To Reg' Select 


LA402 
























































































9 


'From Reg' Select 


LA411 


















































































10 


LS to SAR 


KB411 


















































































mv/awa 




11 


LS to MAR 


















































































V//MMSA 






12 


LS to FDR 


KB401 




















































































13 


LS to TDR 


















































































14 


MAR to LS 


LA702-712 


\ 
















































































15 


Set ALU (I/O Bus) to LS 


























































































■ 


16 


LS Write 


LA302/313 
















































































17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































21 


Increment by 2 


RA403 


\ \sj/>/////JsA 


W////////A 


W////////A 


y77777777rA 


\/;///////7a\ 






































































?2 


Decrement bv 1 


RA401 


















■ 






























































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 






■ 


777777777777. 


77777T/777A>. 


7777777777* 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Inh 


MA401 






















0-15 


to 0-15 












0-15 to 0-15 












































28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 




















































































■ 




31 


Eight Shift Control 


RBI 62 








s — 


rmea 


















Not s 


hift8" 




















































32 


Shift by 2 or 4 


RBI 61 


















































































33 


No Shift 


RBI 62 






















0-15 
















0-15 












































34 


Test Packed Byte or Sign 


RA502 












































AP only 






































v;/;;;;;;/;, 


35 


Normalize Sign Active 




































^P = 0-7, ZAP = 0-1. 












































36 


Suppress 


RB171 






















0-7 












/ 












































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB41 1 






















Reset 




























































40 


Invert Switch Control 


RB301 


















Not true, not invert = /FFFF/ 










Invert 0-15 = /invert/ 










































41 






















































































42 


ALU Control Gate 


AA301 






















OE 














AD 


UER 












































43 


Additional Carry 


AA302 


























If aux carry FL on 






















































44 


Six Correction 8-11/12-15 
















I 


Jnconditional (OE = no carry bit 8 and 12 


) 








If no carry 


bit 8 or 12 












































45 


Set Carry Latch 


AA402 










































AT8HMI 


^■H If carry bit 8 




































46 


Set Condition Code Latches 












































1 
■■■ Unconditional 




































47 


ALU to Inh 


MA401 


















































































48 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 


Op Reg to Address Bus 


KA541 


















































































\_ 




















52 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 




(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































59 


Set CC and Carry 


AA411 


















































































60 


Allow CC Setting Latch 


AA412 


















































































61 






















































































6? 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 




























m 
















■ 






































68 


Set Process Check 


CC122 














LSA 




B Any^hk i 












LS A/Mod 




Any chk 












L£A^ 




































69 


Set LSA Check 


CC221 


\ 




VMS/MM 
















77777/77777?. 






yS;/7777777?\ 






















































70 


Set Mod Check 


CC101 


\ 
















































































71 


Set SU Check 


CC102 


{ 
























„ 8-15 
















An o 


i 




































AT8HM 










72 


Set ALU Check 


^ Any check 


















































































73 


Set Bus Check 


| 


















































































74 


Set SAR Check 


CC101 


, 


















































































75 


Set Inh Check 


±z 














































Cycle of next microinstruction 





























Function signals: A Cycle V777X Cycle | 



"Do not care" signals: ACycle I I Cycle | 



• Diagram 5-54. Add/Zero and Add Packed Byte (DD) (Part 2 of 2) (03759A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



The two decimal digits in the byte 
addressed by the 'from reg' are 
added to the two decimal digits in 
the low-order byte of the 'to reg' 
(AP) or to zero (ZAP). The result, 
which may consist of three decimal 
digits, is set into 'to reg'. The 
'from' byte remains unchanged. 

A previous carry (aux carry latch 
on) is implemented in the addition. 
A carry, out of the low-order byte, 
turns on the carry latch. The 
condition code latches are set. 



A data check occurs when the 
low-order byte of the 'to reg' is 
not in packed format. 

The 'from reg' address is decre- 
mented by 1. If the AC bit 
(instruction bit 7) is on, an address 
check occurs when the 'from reg' 
address is outside customer area. 



LSreg2 I '. 1 I 2 HP 

'-T- 



before executior 



Read out addressed byte 



-1 



Remains unchanged 

--H 5 ; 5 i 



LS reg 2 i o : i i 2 : 2 i 

after exec ution 

LSreg4 I 7 \ 7 | 6 ' 6 | 

before execution ' 

I Set to zero 













A 


rticroi 


"istruction Layout 








12 


' 1 


2 | 3 4 


5 


6 


7 


8 j 9 | 10 | 11 


12 | 13 | 14 


'5 


Op Code 


AC 


To Reg 


From Reg 


D 


















1 




D 





1 












1 





Set to zero J — 



t 
5 5 

5 5 



LSreg4 I ] I 5 T"5~l 

after execution 



Set 
unconditiot 



Condition Code 





1 


2 


3 





1 









Result not zero 



ST 


MNEM 


OPERANDS 


STATEME 


4A 
4A 


AP 
ZAP 


4, 21, AC 
4, 21, AC 


CC.C/R4 
CC.C/R4 



If on, the 'from addr' is checked 
that it is not outside customer area 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 

= 1 00«/R4. 8-15,D+,«00 , /BY(R2,AC,-l),D+,C 
= , 00'/BY(R2,AC,-l),D+,C 



Type 



A Cycle 




Cycle 



T7 T8 Tl T2 



Cycle 1 




CORE STORAGE - 



Read out and 
regenerate 



rs~ D R-*--i 



' D 1 4 A 1 

"(5) 



Jul J. 



AP 
ZAP 



Op Reg 

D I 4 A 




/55/ = 0101 0101 

/FF/ =1111 1111 

OE result = 1010 1010 

-6 (add) = 1010 1010 



Suppress 



0100 OK 



5 5 

~XD 



5 5 



No carry handling 



LZ2L 



F F F F 
__ F . F — 



I AMR i 





IAR 
8 


4 




i 


k 









I From Reg ( I From Reg | (LS reg 2) 

1 I ' I 

|0 1 , 2 _3J J_0_2 , 2_ J_| 



r--*-"r-. 



.L. 



I 

I SAR I 

10 1,2 3 ' 



T 



Functions performed during cycle time are shown by Full lines and functions performed during A cycle time are shown by dotted lines. 

Diagram 5-55. Add/Zero and Add Packed By|e (DX) (Part 1 of 2) ^ (03760) 2020 >j>0,000 FEMDM Vol 2 J8/69) 



T Sense I 

tra P re q I 



If aux carry FL - 



FDR 

F F 4 4 



TDR 

7 7 6 6 



Suppress ZAP 

AP 
ZAP 



7 7 6 6 




Packed^ 
byte 



Dat 

i 



Condition Code 


Required Circuit 
Condition 


10 


Result is zero 


ALU zero 


10 


Result is not zero 


ALU not zero 


x x 1 


Overflow 


ALU carry bit 8 on 


12 3 







AP and ZAP must be preceded 
by a control instruction which 
resets a previous carry (latch off) 
and sets the condition code to 
1000 (result zero) 



"S, 

12-8 



Forces trap request 2. 

PL switching is performed 

after the following microinstructior 

(Sense trap-requ T3 before 

setting data error FL T7 



/0066/ 
/00BB/ 



0000 
0000 



0000 
0000 



0110 
1011 



0110 
1011 



0001 0010 0001 

Carry 8 Carry 12 



| Carry FL | 



To Reg 

7 7.66 



(LSreg4) 



/0000/ 
/00BB/ 



0000 
0000 



0000 
0000 



0000 0000 
1011 1011 



= /00BB/ 



No carry 8 No carry 12 



I I 



Six correction 

1011 1011 

-6 (Add) 1010 1010 



AP 


To Reg 

1,21 




ZAP 


| 0,5 


5 



No carry handling 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle 1 I 

Cycle 



No 


N- 


ALD 


mmmmmm^m ^ i WrIt . i , Re ad . i wi* mmmmmmm/^mmmmmm^Mmmm\ i 1 * 1 




mmmmmmmmmeMM!tm{MM>. 


Cycle 


Cycle 1 


Cycle 2 






T3 


T4 


T5 


T6 


17 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


77 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 






v/mr/w,. w//////vt, 






■„ , 








y/AMifti>. m 






m. .._! 








u 
















■ 




























3 


LS Current PL Zone Gate 


\ 
























VZV7777777ZW* 1 




















■ 


































4 


New/Current PL 




New/current PL's may diff 


er 






































































5 


CE LS Select 


CC222 
















































































6 






















































































7 


Fixed X-Address 


LA412 






7 
UMMMWA 


7 






7 


^^7 

















1 












1 




1 


































8 


'To Reg* Select 


LA402 
























































































9 


'From Reg' Select 


LA411 


















































































■ ,. 


U&tt&M 


M/» 


10 


LS to SAR 


KB411 






W///M7T, 
















WSS/M/M 




























































11 


LS to MAR 








V?7777J7ff?< 














WAV/Aft?, 




























































12 


LS to FDR 


KB401 




















































































13 


LS to TDR 




















































































14 


MAR to LS 


LA702-712 


$ 
















































































15 


Set ALU (I/O Bus) to LS 




























■"' 


























■ 1 




























16 


LS Write 


LA302/313 
















































































17 






















































































18 


Set Address Check 


RA501 




High/low 






















AC bit on 






















































W/AAAAAAA/ 


19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































21 


Increment by 2 


RA403 


\ 


\//MM/M/, 


w/ss/sma 


W/tf/WM 


WAWAMil 








































































22 




RA401 


















































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 










'/MWAM*. 


WX/AwA 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Inh 


MA401 




















0-15 o0-15 














0-15 to 0-15 














0-15 to 0-15 




























28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 
















































m 


































31 


Eight Shift Control 


RBI 62 






t- 


Undefined 











^^NoJ 


shift 8 












Not shif 8 if SAR 15; cross shift if no S 


AR15 








Not shift 8 (ho storage 


Jje^^ 


























32 


Shift by 2 or 4 


RBI 61 


















































































33 


No Shift 


RBI 62 




















0-15 














0- 


15 














0-15 




























34 


Test Packed Byte or Sign 


RA502 




























































AP only 






















V////////A?. 


35 


Normalize Sign Active 


















































































to 




RBI 71 




















0-7 














0-7 












AP = 0-7; ZAP = 0-15 


























37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB41 1 






































Reset 


FF/ 










































40 


Invert Switch Control 


RB301 


















Not true, not invert = /FFFF/ 










Not true, not invert =/FF 










1 


ivert 0-15'= /invert/ 




























41 
























































| 




























42 


ALU Control Gate 


AA301 






















OE 
















OE 














ADDER 




























43 


Additional Carry 


AA302 










































If aux carry FL on 




































44 


Six Correction 8-11/12-15 


























Unco 


nditional 


fO^=noc 


arry bit 8 


)H2) 
















^^^Tf 


no carry bit 8 or 12 




























45 


Set Carry Latch 


AA402 


























































4J8JHI 


^^m If carry bit 8 




















46 


Set Condition Code Latches 




























































1 . 1 

^^m Unconditional 




















47 


ALU to Inh 


MA401 


















































































48 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 


Op Reg to Address Bus 


KA541 


















































































\ 




























52 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 


(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































59 


Set CC and Carry 


AA411 


















































































60 


Allow CC Setting Latch 


AA412 


















































































61 






















































































62 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 


















































































■ 






68 


Set Process Check 


CC122 














^A^ 




Anychk 












LSA/Mod 




Any chk 












LSA/Mod 




Any chk 












LSA 




















69 


Set LSA Check 


CC221 


\ 




pW!M 


WMJ/MM 










V7ZV777Zm 
















VAV7ZV7Zrz\ 






w;A>;;;/7? t 






































70 


Set Mod Check 


CC101 


























VAAAAAAAAAAA 
























































71 


Set SU Check 


CC102 
























aTRhm 


15 














AT8-2^_ 














AT8MH 


^HAP8 


-15, no check ZAP 


















72 


Set ALU Check 


\Any check 














































































73 


Set Bus Check 


( 
















































































74 


Set SAR Check 


CC101 


n 
























VSASMM/. 
















WMMM. 








































75 


Set Inh Check 


j 






























































Cycle of next microinstruction | 











Function signals: ACycle EZ3 Cycle | 



"Do not care" signals? ACycle I I Cycle | 



• Diagram 5-55. Add/Zero and Add Packed Byte (DX) (Part 2 of 2) 



(03760A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



obstruction Layout 



The two decimal digits in the low-order 
byte of the 'from reg' are added to the 
two decimal digits in the byte addressed 
by the 'to reg' (AP) or to zero (ZAP). The 
result (low-order two decimal digits) is 
set into the byte addressed by the 'to reg'. 
The 'from reg 1 remains unchanged. 

A previous carry (aux carry latch on) 
is implemented in the addition. A carry 
out of the low-order byte turns on the 
carry latch. The condition code latches 
are set. 



A data check occurs when the low-order 
byte of the 'from reg' or the byte addressed 
by the 'to reg' is not in packed decimal 
format. 

The 'to reg' address is decremented by 1 . 

If the AC bit (instruction bit 7) is on, an 
address check occurs when the 'to reg' address 
is outside customer area. 



before executior 



LI 



- Read out addressed byte »- t 6 i 6 j Before e 



0|l I 2 1 3 | 4 | 5 | 6 


7 


8 | 9 | 10 | 11 


12 | 13 | 14 1 15 


Op Code 


AC 


To Reg 


From Reg 


D 













1 









D 





1 







1 










LS reg4 l 4 j 3 1 2 ! j 

after execution 



LSreg2 | 8 ! 8 | 5 j 5 
remains unchanged | 



Set to zero 

I J I 

I 
55 Result 



If on, the 'to addr' is checked that - 
it is not outside customer area 



MNEM OPERANDS 



Condi 


ion Code 


1 1 


I 2 | 3 


o 1 i 


1 1 



Set unconditional 



'" I TL, 

15 5| After, 



D1C2 
D5CE 



AP 
ZAP 



41, 2, AC 
41, 2, AC 



[Store 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 

CC,C/BY(R4,AC)*=BY(R4,-1),D+,R2.8-15,D+,C 
CC,C/BY(R4,AC,-1)*=R2.8-15,D+,C 



Type 



A Cycle 




A Cycle 2 



CORE STORAGE - 



Read out and 
regenerate mici 



Read out anc 
regenerate 



Read out 
'to operanc 



Store halfword into 
position addressed 
by 'to reg' 



|SDR I 



|SDR 



L_P_J J_C_2J 

(5) 



Op Reg 
D 1 . C 2 




I 
I 

HdF I 

I I- 

l_7_Z_LA-6_| 



Lie 



+ | Sense 

trap reg 



77 
77 



Date 

I 



_J 



Force trap-req 2; 

PL switching after the 

current instruction 




Dat 

1 



I Force trap-req 2; 

| PL switching after the 

I following microinstructioi 



I 



J 



Oil | 2 1 3 



1 J AP 

ZAP 



Condition Code 


Required Circuit Condition 


10 


Result is zero 


ALU zero 


10 


Result is not zero 


ALU not zero 


X X 1 


Overflow 


ALU carry bit 8 on 


0|l|2|3| 







CC-latches 

AP and ZAP must be preceded by a control 
instruction which resets a previous carry 
(latch off) and sets the condition code to 
1000 (result zero). 



rr A R _ 



1 

2 n 




IAR 

8 4 


i 

i 
i 






i 


i 


•MAR 


1 

+2 
1 






l_8 j_0 2 









F^ Reg ~1 (LS reg 4) 

LAJ-|.2_2_J 



I 

Imar ' I I 

I I N AC I 

Li-3j.2_lj I I 



Fa Reg ' [To Reg "j 

L 4 J± 2 JJ LL3^2_0j 

I 
I 



I Carry FL | 



'SAR ' 

I I 

l_8_0 J_°_ 2 J 



r- *--, 

"SAR \ 

-J 

T 



i | 

LiJ±2_J_l 



.J 



I 

•"mm nr-i 
i -i i— - 

I *H AC I 

i 

i 



LiJj_2_Jj 

T 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 



Functions performed during cycle time are shown by full lines and functions performed during A cycle t 



; shown by dotted lin« 



Diagram 5-56. Add/Zero and Add Packed Byte (XD) (Part 1 of 2) (03761) 2020 > 50,000 FEMDM Vol 2 (8/69) 





No 


Name 


"^ %WiZ%^ Read | Write | Read | Write J Read | „ Write | | | * » f 




ALD 


t%ffl%%4\ ( A Cycle | ' A Cycle 2 ' | A Cycle 3 | J 




mmmwMmmmmmmmmmm, 


Cycle 


Cycle 2 


Cycle 3 








T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


17 


T8 


Tl 


T2 




1 


Sense Trap Request Lines 


LAI 03 




















































































2 


LS New PL Zone Gate 


KA511 




















































































MMM W//////M. 




wwaw/s. m 




WMM/Mm 


m 








3 


LS Current PL Zone Gate 


t 






























■ 




















































4 


New/Current PL 




New/current P 


_'s may di 


fer 










































































5 


CE LS Select 


CC222 
















































































6 
























































































7 


Fixed X-Address 


LA412 






7 


7 






7 


7 












1 




1 












7 




7 




































WMWAV?. 


777777Z7/X 














■ 




8 


'To Reg' Select 


LA402 


















































































■ '//////////A 




■ >///////////, 


W/MMM 




9 


'From Reg' Select 


LA411 




















































































10 


LS to SAR 


KB411 




















































































»;;;;;»», 


WMWiM) 


M/M//M 




11 


LS to MAR 




















































































VMMM/. 


WAWAMi, 




WM////M 






12 


LS to FDR 


KB401 
























































































13 


LS to TDR 




















































































14 


MAR to LS 


LA702-712 




















































































\. 
















■ 












■ 


www;;, 
















15 


Set ALU (I/O Bus) to LS 




























































































■ 










16 


LS Write 


LA302/313 




















































































VM/M//A 




17 
























































































18 


Set Address Check 


RA501 




High/low 














































































W/W///// 




'//////////A 






19 


Branch Go 


RA502 




















































































20 


Increment by 1 


RA402 




















































































21 




RA403 


< 


























































— 
























?? 




RA401 




















mr~ "■' 
































































23 


Decrement by 2 


RA402 




















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








\2IAWAWM 


r/ZTZw/A 


V/////////A 








































































25 
























































































26 


Prevent Storage Use 


MA402 




















































































27 


SDR to Inh 


MA401 




















0- lb to U- lb 














0-15 


to 0-15 










0-7 to 0-7 i 


SAR 15; £ 


-15 to 8-1 


5 if no SAR 15 


























?R 


SDR to Op Reg 


KB102 




















































































29 
























































































30 


SDR to TDR 


KB402 










































t 8 if SAR 


15; cross shift if no S 












































31 


Eight Shift Control 


RBI 62 








Undefined 











Not shift 8 


















Not shi 


AR15 




































32 


Shift by 2 or 4 


RBI 61 




















| 






























































31 


No Shift 


RBI 62 




















0-15 














0-15 














U 


-15 






























34 


Test Packed Byte or Sign 


RA502 


























W/////M, 
















>;;;;;;;;;;/. 


AP only 














V/AWAW/ 


AP only 
























35 


Normalize Sign Active 




















































\P = 0-7; 


:ap = o-k 






























Vi 




RB171 




















0-7 












/ 


VP = 0-7; ZAP = 0-15 










































37 
























































































38 


ALU to FDR 


AA303 




















































































39 


Reset FDR/ Re tain FDR 0-7 


AA303/KB41 1 






















Reset 






























































40 


Invert Switch Control 


RB301 


















Not true, not invert = /FFFF/ 










1 


wert 0-15 = /invert/ 










Invert 0-15 = /invert/ 




























41 
























































































4? 




AA301 






















OE 














^^AD 


DER 












































43 


Additional Carry 


AA302 


























If aux carry FL on 
























































44 


Six Correction 8-11/12-15 




















Unconditiona 


(OE = no 


carry bit 8 and 12) 
















f no carry bit 8 or 12 






































45 




AA402 


























































\ T8^ 


■^ If carry bit 8 






















46 






























































^■1 Unconditional 






















47 


ALU to Inh 


MA401 
















































8-15 to 0-7 


>noSAR15 


or 8-15 (SAR 15) 




























48 


ALU to SAR 


KB411 




















































































49 
























































































50 


Data Switch to Op Reg 


KB402 




















































































•si 




KA541 


( 1 


















































































1? 




> ' 


















































































53 


Allow Strobe 




















































































54 


SENS Strobe/Control Strobe 


BA102 




(Displ SENS strobe") 














































































55 


Sense Reset/CTRL Strobe 




















































































56 


Prevent ALU and SU Check 


BA103 




















































































57 


I/O Bus to FDR 




















































































58 


























































































Set CC and Carry 


AA411 




















































































60 




AA412 




















































































61 
























































































6? 






















































































63 






















































































64 






















































































M 






















































































66 






















































































67 




CC121 




























■ 
















L 








































Aft 




CC122 














^A^ 




Any chk 












^A^od 




Any chk 












LSA^od 




Any chk 












LSA 


























69 


Set LSA Check 


CC221 


\ 




















WMMSM 






7777777777Z 










VW/MW, 




YMWW> 


w/w 








































70 


Set Mod Check 


CC101 






















































































'//////////// 




71 


Set SU Check 


CC102 


| 
























8- 


15 














\ T8^ 


■■■APS 


-15, noc 


neck ZAP 










AT8HH 


^HAP8-15, no check ZAP 




















7? 


Set ALU Check 


/Any check 
















































































73 


Set Bus Check 




















































































74 




CC101 


1" 








































V»»MMJ 










































75 


Set Inh Check 


±z 






























































Cycle of next microinstruction 













Function signals: A Cycle £23 Cycle | 



"Do not care" signals: ACycle I I Cycle 



• Diagram 5-56. Add/Zero and Add Packed Byte (XD) (Part 2 of 2) (03761 A) 2020 > 50,000 FEMDM Vol 2 (8/69) 



A Cycle 




The two decimal digits in the byte 
addressed by the 'from reg' are added 
to the two decimal digits in the byte 
addressed by the 'to reg' (AP) or to 
zero (ZAP). The result (two decimal 
digits) is set into the byte addressed 
by the 'to reg'. The 'from' byte 
remains unchanged. 

A previous carry (aux carry latch on) 
is implemented in the addition. A 
carry, out of the low-order byte, turns 
on the carry latch. The condition code 
latches are set. A data check occurs 
when the 'from' byte or the 'to' byte 
is not in packed decimal format. 

Both operand addresses are decre- 
mented by 1. If the AC bit (instruction 
bit 7) is on, an address check occurs when 
the operand addresses are outside customer 



The operation is performed in ALC 
mode when 'to reg' = 3 and 'from reg' = 5. 
Each operand has its own field length and 
the field lengths may be different. LS 
register contains the field length of the 
'from operand'. LS register 1 contains the 
field length of the 'to operand'. 



LS rea 2 I 0- '. 1 | 2 '. 3 1 
before execution I 

LS reg 2 | '. 1 | 2 '. \ ! | 



Read out addressed byte -» ] 5 j 5 [ 
ins unchanged 



Th< 
bytes 



field length is the real 
n an operand field reduced by 1. 



of 



LS reg 4 | 4 \ 3 I 2 \ 1 
before execution i T 



The operand addresses are incremented 
by 1 every time a byte is operated. 

If the 'to operand' field is too small to 
accept all digits of the 'from operand' fielc 
the condition code is set to overflow (CC 
latch 3 on). 



_L 



LS reg 4 | 4 \ 3 | 2 \ 6 | 
after execution 



Conditi 


on Code 





1 


2 


3 





1 





1 



unconditional 










Micro 


instruction 


Layout 








o 1 


1 1 2 | 3 |4 


5 


6 


7 


8 


9 llO 


11 


12 


13 I 14 1 15 


Op Code 


AC 


To Reg 


From Reg 


D ' 










1 




1 




D 1 


1 







1 




1 





If on, the 'from' and 'to' addr's are 
that they are not outside customer a 



:ked _♦ 



Read out addressed byte -* \ 6 \ 6 | Before execution 



5 5 

•6 6 

Add _ l 0.* No previous carry 

2 ] Result dec add 



D1CA 
D5CA 
D1BD 



MNEM OPERANDS 

AP 41, 21, AC 

ZAP 41, 21, AC 

AP 31, 51, AC 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 

CC,C/BY(R4,AC)*=BY(R4,-1),D+,BY(R2,AC,-1),D+,C 

CC, C/BY(R4,AC, -1)*=BY(R2, AC, -1),D+, C 

CC,C/BY(R3, AC, UNTIL Rl, LT, 0)*=BY(R3, -1), D+, BY(R5, AC,-1,WITL R0, 

LT,0),D+,C 



1 Store 
J 2 ' 1 ") After executio 



Result not zero and carry 



m Repeat A Cycle 1 - A Cycle 2 - A Cycle 3 



A Cycle 1 



A Cycle 3 




>■ A Cycle 



Type 



T6 T7 T8 Tl 



Cycle 



CORE STORAGE - 



Cycle 2 



T7 T8 Tl T2 T3 T4 15 



■ No storage use if LC FL2 - 



T6 T7 T8 Tl T2 T3 T4 15 T6 T7 T8 Tl T2 T3 T4 



- No storage use if LC FL1 ■ 



Read out anc 
regenerate n 
instruction 



Read out and 

regenerate 'from operand' 
~1 



Read out and 
regenerate 'to operand' 



Store halfword 
Read out into position 

'to operand' addressed by 'to reg' 



[_8_ £ 0_ 2 J 



_i__. 



' MAR 

' I 2 3 



rs"A7*~"H 

I I 

'8 0,0 21 



r _.l_. 

I SAR 
! 1 2 



T 



_*___ 



i SAR i 

14 3.2 1 I 



T 




L4_3 + 2_lJ lA_3,2_0_J 

' r iAR 



Decrement carry 

rums on aux LC FLI-M.C FL1 




LC FL1 and LC FL2 force end op ALC 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted 1 

Diagram 5-57. Add/Zero and Add Packed Byte (XX, ALC) (Part 1 of 2) (03762) 




Condition Code 


10 
10 
x x 1 


Result is zero 


Result is not zero 


Overflow 


0|1|2|3| 



CC-latches 



AP and ZAP must be preceded by a control 
instruction which resets a previous carry 
(latch off) and sets the condition code to 
1000 (result zero). 

In ALC mode, further condition code 
setting is suppressed when a code other than 
zero is detected. ALC condition code can 
be result zero or not zero. 

In ALC mode, overflow condition is set 
(beside ALU carry bit 8) if the 'to-field' lengt 
is smaller than the 'from-field' length and the 
additional 'from' data are not all zero. 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle 1" I 



2020 > 50,000 FEMDM Vol 2 (8/69) 



No 


Name 


ALD 


*%^^^mmm^ Read | Write | * Read , | Write | Read | * Wrife | Read | Write | ' T 


7/////////A A Cycle | A Cycle 1 , A Cycle 2 | A Cycle 3 | 


^^^^^^^^^^^^^fc^^^^^ 


Cycle 


Cycle 1 


Cycle 2 


Cycle 3 




T3 


T4 


T5 


T6 


T? 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


77 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 




V>;7S77M77A>7777777777A 






m i 






777777777777.^ 




1 1 








I ^ 1 




|p J 
































3 


LS Current PL Zone Gate 


















































































\ 














V77777^77, 




















V//////////S 


V7/////77777 












4 


New/Current PL 




New/current PL's may differ 


VVWWW 


































































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X-Address 


LA412 






7 


7 






7 


7 






























1 




1 












7 




^7" 


















W777777M. 


/7777777777A 


■ 


V////////M 


W77777777/. 




8 


'To Reg' Select 


LA402 


















































































■ 


<»///////// 






//////////// 


»»»»»» 


9 


'From Reg 1 Select 


LA411 


















































































P 


W77777777/. 


'77777/7777/, 


10 


LS to SAR 


KB411 


















































































W7/7//77/7 


'77777777777. 


W777777777. 


'77777777777, 


11 


LS to MAR 


















































































V7777777777> 


W77/77//7/ 




'///////////■ 


V/M///M 


V///7//7//7/ 


V7/77/WM 


12 


LS to FDR 


KB401 




















































































13 


LS to TDR 




















































































14 


MAR to LS 


LA702-712 


\ 












■ 




































































15 


Set ALU (I/O Bus) to LS 






















































































■ 








■ 


■ 






16 


LS Write 


LA302/313 


















Not ALC 
















ALC 
















ALC 
































V777////M 


Y77777VMS 




17 






















































































18 


Set Address Check 


RA501 




High/low 
























AC bit on 














AC bit on 














AC bit on 




















Wd///tf//A 


V//////////s 


V7777777777/ 


19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































?1 


Increment by 2 


RA403 


J 
















































































?? 




RA401 


















































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








W777777777. 


^7777777/777. 


777/777////, 






































































25 




















































































26 


Prevent Storage Use 


MA402 




























A Cycle 


1 if LC FL2 on 














A Cycle 2 and 3 if LC FL1 on 














1 










































27 


SDR to Inh 


MA401 




















0-15 to 0-15 














0-15 to 0-15 














0-15 to 0-15 












0-7 to 0-7 if SAR 15, 8- 


5 to 8-15 


f no SAR 1 5 






28 


SDR to Op Reg 


KB102 




































1 












































29 




















































































30 


SDR to TDR 


KB402 




































J 














































31 


Eight Shift Control 


RBI 62 










efined 


- 








Not shift 8 












Not shift 8 if SAR 15, cross sh 


ft if no SAR 15 


















Mot shift 8 if SAR 15 


cross shift if no SAR 15 














32 


Shift by 2 or 4 


RBI 61 




















1 














I 












































33 


No Shift 


RBI 62 




















0-15 














0-15 














0-15 












0-15 














34 


Test Packed Byte or Sign 


RA502 




























































AP only 
















AP only 






'77777777/77. 


V////»///s 


Yf///////// 


35 


Normalize Sign Active 


















































































36 


Sg 


RBI 71 




















0-7 














0-7 














AP = 0-7; ZAP = 0-15 










AP = 0-7, ZAP = 0-1 1 












37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/ Re tain FDR 0-7 


AA303/KB411 






































Reset 


/ 










































40 


Invert Switch Control 


RB301 


















Not true, not invert =/FFFF/ 










Not true, not inv 


srt=/FFFF 










Invert 0-15 = /invert/ 










Invert 0-15 = /invert/ 










4' 






































































1 












4? 


ALU Control Gate 


AA301 






















OE 
















OE 














ADDER 














ADDER 












43 


Additional Carry 


AA302 










































If aux carry FL on 






































44 


Six Correction 8-11/12-15 
























I 


Jnconditional (OE = no carry bit 8 and 1 2 




























jiocarw 


bit^rl2 




















45 


Set Carry Latch 


AA402 










































































AT8iM 


HM If carry bit 8 




46 


Set Condition Code Latches 


































































-7 (no SA 










■^■Unconditional 




47 


ALU to Inh 


MA401 
































































"8-15 to C 


15) or 8-15 (SAR 15) " 










48 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 




KA541 


k 1 
















































































52 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 


(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 


Set CC and Carry 


AA411 


















































































59 


Allow CC Setting Latch 


AA412 
















































































60 


Skip Cycle 3 to Cycle 1 




\ 
















































































61 


Decrement Carry 


RA30J 


±z 




























If from 


operand 1 


eld lengt 


l below ze 


•o 






W/7777777}. 
































6? 


Set LC (latches) 


KA414 










































































///Reset at next T7. when 




yV/F. 






63 


Aux LC Latch 1 


KA413 


> Cycle control ALC 








































< 


1 






























64 


LC Latch 1 


KA414 


( 
















































































65 


LC Latch 2 


KA413 










































































^~ 








66 


End Op Gate 


KA412 


J 




























































if not PL0 at 


CI and LC2; turns on End Op 


L 










67 


Set ALU Test Latch 


CC121 




























L 
































w ■ ■ 
















■ 






68 


Set Process Check 


CC122 














L£A^ 




Any chk 












LS A/Mod 




Any chk 












LSA^od 




Anyhl| 












LSA/Mod 




Any chk 












L£A^ 




69 


Set LSA Check 


CC221 


\ 




































V7777777777A 






777777777777. 










V7/77/777/A 




























70 


Set Mod Check 


CC101 


















Not ALC 








Y7777777777X 








ALC 
















ALC 








'7777777777/ 








ALC, LC end op gate 














71 


Set SU Check 


CC102 


/ 
























ATShh 


5 














- 8-15 














AT8M1 
























AT8MB 




HHlAP 8-15. no check ZAP 


AT8flM| 


■MAP 8 


-15, no check Z.AP 


72 


Set ALU Check 


^Any check 














































































73 


Set Bus Check 


^ 
















































































74 


Set SAR Check 


CC101 




























>///////////, 
















W///////7, 
















V/77//////7 
























75 


Set Inh Check 


3= 

















































































Function signals: ACycle £23 Cycle | 



"Do not care" signals: ACycle I I Cycle | 



• Diagram 5-57. Add/Zero and Add Packed Byfe (XX, ALC) (Part 2 of 2) (03762A) 2020 > 50,000 FEMDM Vol 2 (8/69) 



A Cycle 




Microinstruction Layoi. 



For SP, the two decimal digits in 
the low-order byte of the 'from reg' 
are subtracted from the two decimal 
digits in the low-order byte of the 
'to reg'. The result is set into 
'to reg'. 

For PPC, the tens complement of 
the two decimal digits in the 'low- 
order' byte of the 'from reg' is set 
into 'to reg'. The 'from reg' remains 
unchanged. 

A previous carry (aux carry latch 
on) is implemented in the operation. 



Before initiating SP or PPC, the 
previous carry must be simulated by 
turning on the carry latch by a 
control /10/, bit 1 1 to obtain the 
correct complement. 

A carry, out of the low-order byte, 
turns on the carry latch. The condition 
code latches are set. A data check 
occurs when the low-order byte of the 
'to reg' is not in packed decimal 
format. Address check is ignored. 



LS reg 4 j_7_ 
before executio 



i i ; M 



| 1 | 2 | 3 | 4 | 5 | 6 


7 


8 | 9 | 10 | 11 


12 | 13 | 14 | 15 


Op Code 


AC 


To Reg 


From Reg 


D 








1 














D 





1 


1 















remains unchanged i — ' ■ ▼ — i 

| A J A | Invert 



00 if result true 

(FF if complement result) 



, Complement 
Subtract resull 



LS reg 4 | 
after execution 



ID 



^ 



Set 
uncond 



Condition Code 





1 


2 


3 





1 









Carry turns on carry latch 



D242 
D642 



MNEM OPERANDS 

SP 4, 2 

PPC 4, 2 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 



CC,C/R4*= 
CC,C/R4*= 



»00»/R4.8-15,D-,»00'/R2.8-15,D-,C 
»FF»/X,X = '99»,D-,R2. 8-15, D+.C 



CORE STORAGE - 



Read out and 
regenerate micro- 
instruction 



1 SDR 
l_D 2 4 
(6) 


1 






±1 

V 




SP 


Op Reg 

D 2 4 2 





trap-req 2; 
. _ ...itching after 
1 the following mien 



F 


F 


F F 


r^ 


F 


F 


F 





FDR 
blank 



From Reg 
8 8 5 5 



(LS reg 2) 



2 

-~l 



8 4 



■ MAR I I 

|_8__0_0_ 2 [____! 




Condition Code 


Required Circuit Cond 


10 
10 


Result is zero 


ALU zero 


Result is not zero 


ALU not zero 






0|1|2|3| 







SP and PCC must be preceded 
by a control instruction which 



sets a previou 
and sets the c 
1000 (result z 



:arry (latch on) 
dition code to. 



- Packed complement 



r— *-- , 

I SAR I 

|_8_ 2 J 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle f~~ I 
Cycle 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

Diagram 5-58. Subtract Packed Byte/Perform Packed Complement (DD) (Part 1 of 2) (03763) 2020 > 50,00£ FEMDM Vol 2 (8/69) 



No 


Name 


ALD 


mmmmm^mm Read i w^ w///////////////^^^^^^^ i i i i r 


///////////\ A Cycle I A Cycle 2 ( | | " ' ' 


mmmm^W/m^mm^^mmmmm. 


Cycle 


Cycle 2 








T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


17 


T8 


Tl j 


T2 


T3 


T4 


T5 


T6 


17 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 


















































































/;///;///;// v//////s7//> 








■ 


■ 




3 


LS Current PL Zone Gate 


s — 


















— 






























































4 


New/Current PL 




New/current PL's may di 


fer 


\^\\\\\V^| 


































































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X-Address 


LA412 






7 


7 






7 


^^^ 












1 




1 


















































>;;////;/;;;. 


ww/s/m 


■ 




■ 


8 


'To Reg' Select 


LA402 


















































































■ 






9 


'From Reg' Select 


LA411 


















































































10 


LS to SAR 


KB411 


















































































VWM/M, 




11 


LS to MAR 


















































































W///////M 






12 


LS to FDR 


KB401 


















































































■ 


13 


LS to TDR 


















































































14 


MAR to LS 


LA702-712 


















































































\ 


















■ 








■ 




15 


Set ALU (I/O Bus) to LS 


























































































■ 


16 


LS Write 


LA302/313 


















































































17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































21 


Increment by 2 


RA403 


v 


W/////MW, 


W//M/M 


W£tf///Mi 


>;/;;/;;;;;;, 


W/WM 
























■i 









^ 






































22 


Decrement by 1 


RA401 
























































































■ 








23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








WMMM. 


s/mmm, 


wmmm. 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































77 


SDR to Inh 


MA401 




















0-15 


to 0-15 














0-15 to 0-15 












































28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 




















































































■ 


31 


Eight Shift Control 


RBI 62 








Undefined 


















Nots 


jif^^. 




















































32 


Shift by 2 or 4 


RBI 61 


















































































33 


No Shift 


RBI 62 




















0- 


15 














0-15 












































34 


Test Packed Byte or Sign 


RA502 




































1 






SP only 






































WW/;;;;;, 


35 


Normalize Sign Active 




































1 












































36 


Suppress 


RBI 71 























-7 












SP= 0-7; PPC = 0-15 












































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB41 1 


















































































40 


Invert Switch Control 


RB301 


















Not true, not invert = /FFFF/ 










Invert 0-15 = /invert/ 










































41 
























| 


























































42 


ALU Control Gate 


AA301 




















AND 














ADDER 1 










































43 


Additional Carry 


AA302 


























If aux carry FL on 


















































44 


Six Correction 8-11/12-15 






































bit 8 or 12 










































45 


Set Carry Latch 


AA402 










































AT8HM 


■■■ If carry bit 8 




































46 


Set Condition Code Latches 


















































































47 


ALU to Inh 


MA401 


















































































48 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 




KA541 


\ 1 
















































































52 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 




(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































<i9 


Set CC and Carry 


AA411 


















































































60 


Allow CC Setting Latch 


AA412 


















































































61 






















































































6? 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 




























— 
















■ 1 






































68 


Set Process Check 


CC122 














LSA 




Any chk 












LSA/Mod 




Any chk 












L£A^ 




































69 


Set LSA Check 


CC221 


\ 




















V77?7777777> 






y/77/7777777 






















































70 


Set Mod Check 


CC101 




















































































71 


Set SU Check 


CC102 




























8-15 
















rn „ 






































I 


ATRIH 




AT8HH 




72 


Set ALU Check 


\ Any check 
















































































73 


Set Bus Check 




















































































74 


Set SAR Check 


CC101 




























yw/w/j?. 
























































75 


Set Inh Check 


Tl 














































Cycle of next microinstruction 





























Function signals: ACycle V777X Cycle | 



"Do not care" signals: ACycle I I Cycl 



• Diagram 5-58. Subtract Packed Byte/Perform Packed Complement (DD) (Part 2 of 2) 



(03763A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



For SP, the two decimal digits in the 
byte addressed by the 'from reg' are 
subtracted from the two decimal digits 
in the low-order byte of the 'to reg'. 
The result is set into 'to reg'. For 
PPC, the tens complement of the two 
decimal digits in the byte addressed 
by the 'from reg' is set into 'to reg 1 . 
The 'from' byte remains unchanged. 

A previous carry (aux carry latch on) 
is implemented in the operation. 

Before initiating SP or PPC, the 
previous carry must be simulated by turning 
on the carry latch by a control/10/, bit 11, 
to obtain the correct complement. 



A carry, out of the low-order byte, turns 
on the carry latch. The condition code 
latches are set. 

A data check occurs when the low-order 
byte of the 'to reg' is not in packed decimal 
format. 

The 'from reg' address is decremented by 1. 

If the AC bit (instruction bit 7) is on, an 
address check occurs when the 'from address' 
is outside customer area. 



LS reg 2 f_0 

before executiot 



L-T- 



Read out addressed byte — ^ 5 '. 5~| Remains unchanged 

-1 | 

I Extended to halfword \ Q \ Q | 5 ' 5 ) 

LS reg 2 | ! 1 I 2 \ \ } * I * Q . 

after execution Invert I F ' F | A ' A I 

I I I +1 

LS reg 4 j 7 \ 7 \ 6 \ 6 [ Two's complement | F .' F | A \ B | 
before execution 1^-6-6 

Ten's complement I F I F I 4 ! 5 I 









Micro 


nstruction 


.ayout 






~*1 


1 |2 | 3 | 4 


5 1 6 


7 


8 | 9 | 10 | 11 


12 


13 1 14 1 15 


Op Code 


AC 


To Reg 




D 








1 









1 




D 





1 


1 









1 





LS reg 4 I F '. F I 4~ 
after execution 



Zl 



Set 
uncond 



Condition Code 





1 


2 


3 





1 









If on, the 'from addr' is checked that — ~ T DX ~ 

it is not outside customer area 

INST MNEM OPERANDS STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 

D34A SP 4.2I.AC CC, C/R4*= , 00 i /R4. 8-15, D-,»00»/BY(R2, AC, -1), D-, C 

D74A PPC 4.2I.AC CC, C/R4*=»FF'/X ,X = , 99 l , D-, BY(R2,AC, -1), D+, C 



Result not zero 



Type 



A Cycle 




CORE STORAGE - 



Read out and 
regenerate micro- 
instruction 



r _.t... 

| SDR 

| D 3,4 A 



SP 
PPC 



Op Reg 

D 3, 4 A 



F F F F 
F F I F F 



From Reg 



l!_°4°-_ 2 J 



r-t— r- 

I MAR I 

I 1 + 

Ll_ J.°__ 2 _L 





IAR 

8 0.04 




i 


i 









'01 23 '012- 



._!_. 



T - 1 
I I 

i-lh- 



I SAR i 



I 1 

N AC | 
I I 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

Diagram 5-59. Subtract Packed Byte/Perform PackecfComplement (DX) (Part 1 of 2) (03764) 2020 > 50,000 FEMDM Vol 2 (8/69) 



FL I Force trap-req 2; 

' PL switching after the 
following microinstruction 




T2 T3 T4 15 



T6 T7 T8 Tl 



Condition Code 


Required Circi 


it Condition 


10 
10 


Result is zero 


ALU zero 


Result is not zero 


ALU not zero 






0|l|2|3| 









CC-latches 

SP and PPC must be preceeded by a 

control instruction which sets a 

previous carry (latch on) and sets 

the condition code to 1000 (result zero) 



Packed complement 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I ~1 
Cycle 





No 


Name 


ALD 


^ 7^ d 1 write i^ ™ r cll 1 w f WMW////MMMW \ T r = 1 




w/////$/////m^^^ 






Cycle 


Cycle 1 


Cycle 2 








T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 




1 


Sense Trap Request Lines 


LAI 03 




















































































2 


LS New PL Zone Gate 


KA511 




















































































/aaaaaaaaaa ///tttst/tt? 


P 


'AAAAAAAAAA m 


■ 


■ 




m 








3 


LS Current PL Zone Gate 




















































































\ 














/AAAAAAAA/A 


■ 


■ 










■ 












4 


New/Current PL 




New/current PL's may differ 








































































5 


CE LS Select 


CC222 










































































6 
























































































7 


Fixed X-Address 


LA412 






7 


7 






7 


^^r 






























1 




1 




































iwwm 


AMWMW 


■ 








■ 




8 


'To Reg' Select 


LA402 


























































































9 


'From Reg' Select 


LA411 






















































































WAMiM 


W/M/S/A 




10 


LS to SAR 


KB411 




















































































v/////////, 


VA>AAAAA>A>, 






11 


LS to MAR 




















































































WA>A>AAAA 


'MMMMi 










12 


LS to FDR 


KB401 
























































































13 


LS to TDR 
























































































14 


MAR to LS 


LA702-712 


X 






















■i 


'AAAAAAAAAAA 




















■ 






































15 


Set ALU (I/O Bus) to LS 






























































































■ 


■ 


■r 




16 


LS Write 


LA302/313 




















































































>AAA>A>A>/A>. 




17 
























































































18 


Set Address Check 


RA501 




High/low 






















AC bit on 






















































»AA>A>AAAA 




19 


Branch Go 


RA502 




















































































20 


Increment by 1 


RA402 




















































































21 


Increment by 2 


RA403 


} 




VAAAAAAAAA/ 


VAAAAAAAAAA 


VAAAAAAAAAA/ 


VAAAAAAAAAA 








































■ 








■■ 
























?? 




RA401 




















































































23 


Decrement by 2 


RA402 




















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








MASS/AW. 


VAAAAAAAAAA 


WAAAAA>AA, 








































































25 
























































































26 


Prevent Storage Use 


MA402 




















































































27 


SDR to Inh 


MA401 




















0-15 


o0-15 
















0-15 to 0-15 














0-15 to 0-15 




























28 


SDR to Op Reg 


KB102 




















































































29 
























































































30 


SDR to TDR 


KB402 




















































































■ 


■ 




31 


Eight Shift Control 


RBI 62 








Undef 


*ned 




,._ 






Not s 


hift 8 












Not shi 


t 8 if SAR 15, cross 


hift if not SAR 15 








Not shift 8 (no storage use) 




























32 


Shift by 2 or 4 


RBI 61 




















































































33 


No Shift 


RBI 62 




















0- 


15^^| 














0- 


15 














0- 


15 






























34 


Test Packed Byte or Sign 


RA502 




























































SP only 
























WAAAAAAAA 




35 


Normalize Sign Active 




















































































36 




RBI 71 














■1 






0-7 














0- 


7 














SP = 0-7, PPC = 0-15 




























37 
























































































38 


ALU to FDR 


AA303 




















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 






































Reset 














































40 


Invert Switch Control 


RB301 


















Not true, not invert =/FFFF/ 










Not true, not invert = /FFFF/ 












Invert 0-15 = /invert/ 




























41 
























1 






























































A? 




AA301 




















AND 














A 


slD 














AD3ER 






























43 


Additional Carry 


AA302 










































If aux carry FL on 








































44 


Six Correction 8-11/12-15 


















































1 


nocarry 


it 8 or 12 






























45 


Set Carry Latch 


AA402 


























































ATBlB 


^hm If carry bit 8 






















46 


Set Condition Code Latches 




























































■■ Unconditional 






















47 


ALU to Inh 


MA401 




















































































48 


ALU to SAR 


KB411 




















































































49 
























































































50 


Data Switch to Op Reg 


KB402 




















































































51 


Op Reg to Address Bus 


KA541 




















































































) 






























52 


I/O Display Address Out 




















































































53 


Allow Strobe 




















































































54 


SENS Strobe/Control Strobe 


BA102 




(Displ SENS strobe) 














































































55 


Sense Reset/CTRL Strobe 




















































































56 


Prevent ALU and SU Check 


BA103 




















































































57 


I/O Bus to FDR 




















































































58 


Set CC and Carry 


AA411 




















































































59 


Allow CC Setting Latch 


AA412 




















































































60 
























































































61 






















































































6? 






















































































63 






















































































64 






















































































65 






















































































66 






















































































67 


Set ALU Test Latch 


CC121 




























■ 
















m 








































68 


Set Process Check 


CC122 














LSA 




Any chk 












^A^od 




Any chk 












LSA/Mod 




Any chk 












^^A 






















69 


Set LSA Check 


CC221 


\ 






















7777777S77/; 


YAAVAAAAV, 










VAAAA>AAAV> { 






V/A/y/A/A/A 








































70 


Set Mod Check 


CC101 




























77777AAAAAA> 


























































71 


Set SU Check 


CC102 


























AT8HBI 


15 














8- 


15 














AT8M 


■■ SP 8-15, no check PPC 




















72 


Set ALU Check 


\ Any check 
















































































73 


Set Bus Check 




















































































74 


Set SAR Check 


CC101 


T~ 
























V777AA/AAAAA 
















T////777TW 










































75 


Set Inh Check 


±= 






























































Cycle of next microinstruction 













Function signals: A Cycle VAVL Cycle | 



"Do not care" signals: ACycle I ~\ Cycle | 



Diagram 5-59. Subtract Packed Byte/Perform Packed Complement (DX) (Part 2 of 2) (03764A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



For SP, the two decimal digits in the 
low-order byte of the 'from reg' are 
subtracted from the two decimal digits 
in the byte addressed by the 'to reg'. 
The result is set into the byte addressed 
by the 'to reg' . 

For PPC, the tens complement of the 
two decimal digits in the low-order byte 
of the 'from reg' is set into the byte ad- 
dressed by the 'to reg 1 . The 'from reg' 
remains unchanged. 

A previous carry (aux carry latch on) 
is implemented in the operation. Before 
initiating SP or PPC, the previous carry 
must be simulated by turning on the carry 
latch by a control/10/, bit 1 1 , to obtain 
the correct complement. A carry out of 



the low-order byte turns on the carry 
latch. The condition code latches are set. 

A data check occurs when the low-order 
byte in the 'from reg' or the byte addressed 
by the 'to reg' is not in packed decimal 
format . 

The 'to reg' address is decremented by 1 . 

If the AC bit (instruction bit 7) is on, 
an address check occurs when the 'to address' 
is outside customer area. 



LS reg 4 | 4 , 3 2 

before execution "[ 



Read out addressed 



byte HjLjJ 







M 


croinstruct 


on La 


yout 






| 1 | 2 | 3 | 4 | 5 | 6 


7 


8 | 9 | 10 | 11 


12 | 13 | 14 |l5 


Op Code 


AC 


To Reg 


From Reg 


D 








1 




1 









D 





1 


1 




1 










LSreg4 1 4 [ 3 | 2 To 
after execution 



J 



If on, the 'i 
addr' is checked that 
it is not outside the 
customer area 



LS reg 2 | 8 | 8 1 5 ',5 1 

remains unchanged I 



- Ten's complement - 



D3C2 
D7C2 



MNEM OPERANDS 

SP 41, 2, AC 

PPC 41, 2, AC 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 

CC,C/BY(R4,AC)*=BY(R4,-1),D-,R2.8-15,D-,C 
CC,C/BY(R4,AC, -!)*=» 99\D-,R2. 8-1 5, D+.C 



A Cycle 




T4 T5 



CORE STORAGE - 



Read out and 
regenerate mi 



Read out Store halfword into positioi 

'to operand' addressed by 'to reg' 




Data error 

I Force trap-req 2; 
| PL switching after the 
| folbwing instruction 
I 



Condition Code 


Required Circuit Condition 


10 


Result is zero 


ALU zero 


10 


Result is not zero 


ALU not zero 


ohbhl 







SP and PPC must be preceded by a 
control instruction which sets a 
previous carry (latch on) and sets 
the condition code to 1000 (result 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 



^'agram &&. Subtj^PackedJfciLe/Perfogptfpcked Clement flfifil (Part 1^42) (ft»5) ^»2D20 > 50J^C FEhADtMibl 2 (Qjte) 



No 


Name 


ALD 


M— fc»MT Read | Write | R Td | Write | Read | ^ Write | | 1 . T 


V///////M « A Cycle | ' ACycle 2 ' | A Cycle 3 | ' 1 ' ' " 


w^^MMmmmii^M^mM^, 


Cycle 


Cycle 2 


Cycle 3 






T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 


















































































777777777m 


//Z77/7/A7, 


C! ■ „— 


///////////> m 




'//////////// m 


M 






3 


LS Current PL Zone Gate 


t 
















































































4 


New/Current PL 




New/current 


L's may d 


ffer 








































































5 


CE LS Select 


CC222 
















































































6 






















































































7 


Fixed X-Address 


LA412 






7 


7 






7 


7 












1 




1 












7 




7 














































■ 






8 


'To Reg' Select 


LA402 


















































































■ W////////A 




In 


y//////////A 


■V/////////A 


9 


'From Reg' Select 


LA411 


















































































10 


LS to SAR 


KB411 


















































































W////////A 


V//////7777. 


y/////////// 


11 


LS to MAR 


















































































7^//77/7/7A 


V/////////, 




'//////////A 




12 


LS to FDR 


KB401 




















































































13 


LS to TDR 


















































































14 


MAR to LS 


LA702-712 


\ 












































m 










■ 


























15 


Set ALU (I/O Bus) to LS 


























































































m 


■ 


■ ' 


m 


16 


LS Write 


LA302/313 


















































































VA/AAA/AA/7 


17 






















































































18 


Set Address Check 


RA501 




High/low 






















._ , 
















AC bit on 












































V///////77A 


19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































?1 


Increment by 2 


RA403 


s 


\//////////A 


'77777777777X 


'77777/7777s\ 


W///AA/AAa\ 


































B 









■ 








m 






















?? 


Decrement by 1 


RA401 


















































































?3 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








'/777/7777/A 


'77777777//// 








































































25 






















































































26 


Prevent Storage Use 


MA402 


















































-7 to 0-7 


f SAR 15; 


3-15 to8- 


15 ifnoS/ 


























27 


SDR to Inh 


MA401 




















0-15 to 0-15 


















































28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 




















































































31 


Eight Shift Control 


RBI 62 








Unde 


fined 




_ 








Not shift 8 


















N 


ot shift 8 


f SAR 15, cross shift if no SAR 5 






























32 


Shift by 2 or 4 


RBI 61 


















































I 






























33 


No Shift 


RBI 62 




















0- 


15 














0-15 












| 0-15 




























34 


Test Packed Byte or Sign 


RA502 




































1 






SP only 






1 








SP only 






















waaaa/aaaa 


VAAAAAAAA/A, 


W///A/////. 


35 


Normalize Sign Active 




































1 












1 






























36 


Suppress 


RBI 71 




















0-7 












SP = 0-7; PPC = 0-15 










SP = 0-7; 


>PC = 0-15 




























37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 






















Reset 




























































40 


Invert Switch Control 


RB301 


















Not true, not invert = /FFFF/ 










Invert 0-15= /invert/ 










Invert 0-15 = /invert/ 


























41 
























1 




























1 | 




























4? 




AA301 




















AND 














AD 


DER 












1 ADDER 




























43 


Additional Carry 


AA302 


























If aux carry FL on 


















































44 


Six Correction 8-11/12-15 








































If 


no carry b 


t 8 or 12 


































45 


Set Carry Latch 


AA402 


















































1 \ 




aTRMH 


n^l '^ carry bit 8 




















46 




















































\ 1 






^^ 1 

^H Unconditional 




















47 


ALU to Inh 


MA401 


















































3-15 to 0-7 (no SAR 15) or 8-15 (SAR 15) 


























48 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 




KA541 


• 
















































































5? 




















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 


(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 




BA103 


















































































57 


I/O Bus to FDR 


















































































58 












































































































































































60 


Allow CC Setting Latch 


AA412 


















































































61 






















































































6? 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 




























■ " 
















■ 
















■ 






















68 


Set Process Check 


CC122 














^^A 




Anychk 












LSA/Mod 




Any chk 












^ A^od 




Any chk 












^^A^ 




















69 


Set LSA Check 


CC221 


^ 




'//////////A 


'////////AAA 














Y/777/777m 






'77/777/7777 










W////////A 




VAAAAAAAAAAA 


WAAAAAAAAA, 






































70 


Set Mod Check 


CC101 




















































































MM 


71 


Set SU Check 


CC102 


/ 
























8- 

ATR MM 


5 














8- 

AT8JH 


■HSP8-15, no check PPC 










AT8HH 


■■■SP 8-15, no check PPC 


















7? 


Set ALU Check 


> Any check 














































































73 


Set Bus Check 


( 
















































































74 


Set SAR Check 


CC101 


-j— 
























y/AAAA/AAAAA 
















//////////// 








































75 


Set Inh Check 


zz 

















































































Function signals: ACycle V7VL Cycle | 



"Do not care" signals: ACycle I I Cycle | 



• Diagram 5-60. Subtract Packed Byte/Perform Packed Complement (XD) (Part 2 of 2) (03765A) 2020 > 50,000 FEMDM Vol 2 (8/69) 



A Cycle 




For SP, the two decimal digits in the 
byte address by the 'from reg' are 
subtracted from the two decimal digits 
in the byte addressed by the 'to reg'. 
The result is set into the byte addressed 
by the 'to reg'. 

For PPC, the complement of the two 
decimal digits in the byte addressed by 
the 'from reg' is set into the byte 
addressed by the 'to reg'. 

The 'from' byte remains unchanged. 

A previous carry (aux carry latch on) 
is implemented in the operation. 

Before initiating SP or PPC, the 
previous carry must be simulated by turning 
on the carry latch by a control /10/, bit 11, 
to obtain the correct complement. 



A carry out of the low-order byte turns 
on the carry latch. The condition code 
latches are set. A data check occurs when 
one of the operand bytes is not in packed 
decimal format. 

The 'from' and 'to' addresses are decre- 
mented by 1. If the AC bit (instruction 
bit 7) is on, an address check occurs when 
the 'from' or 'to' address is outside 
customer area. 

The operation is performed in ALC mode 
when 'to reg' = 3 and 'from reg' = 5. 
Each operand has its own field length. The 
field length may be different. LS register 
contains the field length of the 'from 
operand 1 . LS register 1 contains the field 
length of the 'to operand'. 



The field length is the real number of 
bytes in an operand field reduced by 1. 



The operand addresses are decremented 
by 1 every time one byte has been operated. 



— -1 Read °ut addressed byte - 



Before execution 



LS reg 4 | 4 \ 3 | 2 ,' | 
after execution 



before executiot 



Remains unchanged 
-Read out addressed byte — ►TH ^~5 I 



LS reg 2 | ', 1 1 2 ', 2 \ 

after execution 



KX I 



rrnn 











M 


•croinstruct 


ion Layout 










o 1 


1 | 2 | 3 | 4 


5 


* 


7 


8 | 9 | 10 | 


1.1 


12 | 13 | 14 


15 


Op Code 


AC 


To Reg 


From Reg 


D 








1 




1 




1 




D 





1 


1 




1 




1 





Condif 


on Code 





1 


2 


3 





1 









Carry * 
sets carry latch 



A A \ Compler 
• +1 J 
1 _J_ Subtract 

f Store 



If on, the 'from' and 'to' addr's are checked 
that they are not outside customer area 



INST MNEM OPERANDS STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 

D3CA SP 4I.2I.AC CC, C/BY(R4, AC)*=BY(R4, -1), D- , BY/*?., AC, -1 ), D-, C 

D7CA PPC 4I.2I.AC CC, C/BY(R4, AC, -1)*=> y*« , o-, Hi (±U, AC, -1), D+, C 

D3BD SP 3I.5I.AC CC, C/BY(R3, AC, UNTIL Rl , LT, 0)*=BY(R3, -1),D-, BY(R5, AC, -1 , 

UNTIL R0,LT,0),D-,C 



Repeat A Cycle 1 - A Cycle 2 - A Cycle 3 




A Cycle 



Type 



A Cycle 1 



A Cycle 3 



Cycle 



CORE STORAGE - 



Cycle 3 



T4 T5 



- No storage use if LC FL2 - 



No storage use if LC FL1 



Read out and 
regenerate micro- 



Read out and 

regenerate 'from operand' 



Read out and 
regenerate 'to operand' 



Store ha If word 
Read out into position 

'to operand' addressed by 'to reg' 



_D_J(_ C Aj 

(7) ' 



Op Reg 

D 3, C A 



|_8_0_ 



L 8 o_, °_ 2 { I 



._!_ 



L 8 _°_.°_£J 




Suppress 




No/ \Yes 
SAR 15 




^PackeJ 
byte^ 



rn 



5 5 



F F F F 

If f I f f I 



(LS reg 2) 

I 1 

| From Reg | 



| From Reg I 
I I 

l_0_l,2_2j 



I | LS Reg I 

i L°_i h °_ A J 



.__!_. r 



LS Reg 
9 



l°_i,2_3j.: 



I SAR 

L°_Li 2 _iJ 

T 



■ *1ACJ 




Decrement carry 
turns on LC FL2 



L7_I l 6_6, 



Data error 

1:] 



Force trap-req 2; 

PL switching after the 

current instr 





If aux carry FL 



Dat< 

T 



FL I Force trap-req 2; 
PL switching after 
the following instr 



F 


F 


A 


A 


| .nvert | 








5 


5 



FDR 

0,55 



Reset FDR 

I 1 

, To Reg | (LS reg 4) 

L-4_3.J>_1_| 







I LS Reg 1 , 

! C | 



LS Reg 1 
B 



, MAR J_ 

Li _ 3 ,iJ_! 



J. r I I MAR 
►jAC | . 

L_J L°_°_. 



T 



^> 



Decrement carry 

turns on aux LC FL1-»LCFL1 



LC FL 1 and LC FL2 force end op ALC 




Condition Code 


10 
10 
x x 1 


Result is zero 


Result is not zero 


Overflow 


| 1 | 2| 3| 



SP and PPC must be preceeded by a control instruction 
which sets a previous carry (latch on) and sets the 
condition code to 1000 (result zero). 

In ALC mode, further condition code setting is 
suppressed when a code other than zero is detected. 
ALC condition code can be result zero or not zero. 

In ALC mode, overflow condition is set if the 
'to field' length is smaller than the 'from field 1 length 
and the additional 'from' data is not all zero. 



.__t 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted line 



Diagram 5-61. Subtract Packed Byte/PerformPacked Complement (XX, ALC) (Part 1 of 2) (03766) 2020^50,000 FEMDM Vol 2 (8/69) 



No 


Name 


ALD 


V//////W//^///W////^ Read | Write | Read | Write | Read | , Write, | Read | Write | . ,| 


W////M\. * A ^ le0 . 1 * C / C| el 1 ACycle2 | ACycle* | " J '" 


mmmmmmmmmmmmmmitm. 


Cycle 


Cycle 1 


Cycle 2 


Cycle 3 




T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 






v;/;;/////;/\///;;/s777m 






H 








VZ//777777/M* 1 




1 j 














































3 


LS Current PL Zone Gate 


J 








'" "' 
















V//////////\ 


V/////////A 




















































4 


New/Current PL 




w/current PL's may e 


iffer 








































































5 


CE LS Select 


CC222 


































































fcttittttSN\*, 






6 






















































































7 


Fixed X- Address 


LA412 






7 


7 






7 


^^^^ 

















^(^^ 












1 




1 












7 




^T' 


















WMMtfk 


V//////////S 


■ 


V/777//7/7/ 


'W////////A 


V/////////// 


8 


'To Reg' Select 


LA402 


















































































P, 


V///7/////7/. 






W//////7/7 


WWMWt 


9 


'From Reg' Select 


LA411 


















































































■ 


W7/////7/7 


WSMWM 


10 


LS to SAR 


KB411 


















































































V777//77/77/ 


W///////M 


V////////7// 


V////////7// 


11 


LS to MAR 


















































































V////////M 


V/////////// 


Wtf//;/M t 


W//AV///, 


v///;/////// 




V/////////Z 


12 


LS to FDR 


KB401 


















































































■ 


13 


LS to TDR 


















































































14 


MAR to LS 


LA702-712 


















































































\ 
















■ 


VMS/////// 














■ 










'M///M/M 


■ 












15 


Set ALU (I/O Bus) to LS 




























r"" i 










■T 












































16 


LS Write 


LA302/313 


















Not ALC 








'//S/////M. 








ALC 
















ALC 








W//W//M 








ALC, LC end op gate 












17 






















































































18 


Set Address Check 


RA501 


High/low 
























AC bit on 














AC bit on 






































>/77/7////77y 


W//////7/7, 


'//////////A «>- "" <-» 


19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































21 


Increment by 2 


RA403 


j 


P//A7/////A 


^7//777/7z\ 


W7777/7/7/\ 










































































22 


Decrement by 1 


RA401 


















































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








V//////////, 


'//////////7 


>//////////> 






































































25 






















































































26 


Prevent Storage Use 


MA402 




















j 1 








A Cycle 1 if LC2 on 
















A Cycle 2 and 3 if LCI on 














1 








































27 


SDR to Inh 


MA401 




















0-15 to 0-15 














0-15 to 0-15 














0-15 to 0-15 












0-7 to 0-7 if SAR 


5, 8-15 to 8-15 if n 


o SAR 15 








28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 


















































































■ 




31 


Eight Shift Control 


RBI 62 








Unde 


ined 




_ 






Not shift 8 










Not shift 8 if SAR 15, cross shift 


f no SAR 


5 














Not shift 8 if SAR 15, cross_ shift if no 


SAR 15 


















32 


Shift by 2 or 4 


RBI 61 




















I 




























































33 


No Shift 


RBI 62 


































0- 


15 














0- 


5 














0-15 












34 


Test Packed Byte or Sign 


RA502 




























































SP only 
















SP only 






v//////////, 


'//////////// 




35 


Normalize Sign Active 


















































































3<S 


Suppress 


RBI 71 




















0-7 














0-7 












SP = 0-7, 


PPC = 0-15 












"SP = 0-7, PPC = 0- 


5 










37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB41 1 






































Reset 












































40 


Invert Switch Control 


RB301 


















Not true, not invert =/FFFF/ 










Not true, not invert =/FFFF/ 










1 


wert 0-15 = /invert/ 










Invert 0-15 = /invert/ 










41 
























| 














| 






























1 












42 


ALU Control Gate 


AA301 




















AND 














AND 














ADDER 














ADDER 












43 


Additional Carry 


AA302 










































If aux carry FL on 






































44 


Six Correction 8-1 1/12-15 




























































If no carr 


v bit 8 or 


2 


















45 


Set Carry Latch 


AA402 










































































AJ8JBH 


^m If carry bit 8 




46 


Set Condition Code Latches 


































































to 0-7 (no 


SAR 15) or 8-15 (SA 






■M Unconditional 




47 


ALU to Inh 


MA401 
































































8-15 


K 15) 










48 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 


Op Reg to Address Bus 


KA541 


















































































\ 




































52 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 


( 


Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 


Set CC and Carry 


AA411 


















































































59 


Allow CC Setting 


AA412 










































































Reset at T6 






(SO 


Skip Cy 3 to Cy 1 


KA411 


^\ 
















































































61 


Decrement Carry 


RA301 


TZ 




























■HJJJ.J.I.IJJ.I.IJiiaF.ltJ.I.IJ.lltJW|,HJM 








7/7/7/77777/ 


If to ope re 


nd field length belo 


!L£?~__ 






























62 


Set LC (Latches) 


KA414 












































































■ 


7 








63 


Aux LC Latch 1 


KA413 


> Cycle control ALC 








































1 


































64 


LC Latch 1 


KA414 


j 

— 5 




























































V 
















65 


LC Latch 2 


KA413 
































\ 


' 
















































m ^ 


66 


End Op Gate 


KA412 


J 
































































If not PL0 or LCI and LC2; turns on end 


op FL 










67 


Set ALU Test Latch 


CC121 


















































































■ 




w 




68 


Set Process Check 


CC122 














ISA 




Any chk 












LSA/Mod 




Any chk 












LSA/Mod 




Any chk 










LSA^od 




Any chk 












15^^ 




69 


Set LSA Check 


CC221 


\ 




















V//77777777. 


ALC 


777/7777//// 


>/7/////////. 










V///7/7777Z\ 






w//////////\ 










V//////////A 




V777777777?. '77777777/7/? 






















70 


Set Mod Check 


CC101 


















Not ALC 
















ALC 
















ALC 
































W/MWM 


W/MWM, 




71 


Set SU Check 


CC102 


























.,,, , ,8-15 














, n 8-15 














AT8«H 

















AT8^ 








ATApM 




ATRBB 








72 


Set ALU Check 


^Anyc 


neck 














































































73 


Set Bus Check 


( 
















































































74 


Set SAR Check 


CC101 


T^ 
















































































Y/;;/////;/, 


WAV/SAV,. 


W/77/7//M 


75 


Set Inh Check 


J 

















































































Function signals: ACycle E23 Cycle | 



"Do not care" signals: ACycle I I Cycle | 



► Diagram 5-61 . Subtract Packed Byte/Perform Packed Complement (XX, ALC) (Part 2 of 2) (03766A) 2020 ^ 50,000 FEMDM Vol 2 (8/69) 




The packed decimal sign (low- 
order four bits) in the 'from reg' 
is translated into the standard sign 
according to the selected code. 
The code is selected by the 
USASCII latch (on = USASCII, 
off = EBCDIC). The USASCII 
latch can be turned on by a 
control/11/, bit 14, not bit 12; 
and i t can be turned off by a 
control/11/, not bit 14, not 
bit 12. 

The standardized sign is set 
into the low-order four bit 
position of the 'to reg 1 . The 



high-order four bit position of the, 
low-order byte in the 'to reg 1 and 
the 'from reg' remain unchanged. 
The high-order byte of the 'to 
reg' is set to zero. 'From reg' and 
'to reg' may be the same LS register. 
Address check is ignored. 

The sign is not checked for 
validity. If the sign pattern is 
invalid, the normalize function 
is inhibited. The invalid sign 
is set into the 'to reg' 



LS reg 2 \ 4 ] 6 | 8 ] F | (+) remains unchanged 



U- Tested for being A to F otherwise data e 

CH Normalize sign (EBCDIC) 







l\ 


Aicroi 


nstrucfion Layout 










TT 


1 1 2 | 3 | 4 


5 


6 


7 


8 | 9 | 10 


11 


12 


13 | 14 | 


15 


Op Code 


AC 


To Reg 


From Reg 




1 1 





» 




o| 


o| 



JTT 



LS reg 4 | 5 [ 7 | 9 | 2 | 



before execution 



LS reg 4 | [ | 9 » | C | after executioi 



INST 
D842 



MNEM OPERANDS 
SDS • 4,2 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 
R4*=R4.0-11/R2. 12-15 TEST FOR VALID SIGN AND NORMALIZE 



Cycle 



Cycle 2 




CORE STORAGE - 



Read out and 
regenerate micro- 



instruction 



rSDR" 1 """! 



_DJl_l_2j 



T Sense T~ 
^ap reg | 



Op Reg 
D 8, 4 2 




TDR 

5 7,92 



9 



To Reg 

5 7,92 



-.0+Q.-2J 



__*-_, 



0,0 2! 





IAR 

8 0,04 




J 


i 









I SAR , 

I i 

|_8_ 0^0 J J 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle 



Functions performed during cycle time are shown by foil lines and functions performed during A cycle time are shown by dotted lines. 

• Diagram 5-62. Set Decimal Sign (DD) (Part 1 of 2) * (03767A) 2020 > 50,000 FEMDM Vol 2 (8/69) 
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No 


Name 


ALD 


V///////////////////////////////////A Kead | Wr.te V////////////////^ 1 | | | . . [ 




^^^^^^^^^^^^^te«^ 


Cycle 


Cycle 2 










' T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


77 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 


















































































VS/MM/Ss. W////////A 








■ 




3 


LS Current PL Zone Gate 


s — 






























■ 










H 1 








































4 


New/Current PL 




New/current PL's may differ 




sWVVVVVWVV 






































































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X-Address 


LA412 






7 


7 






7 


7 












1 




1 


















































WMM/M 


VM/SMM 








8 


'To Reg' Select 


LA402 






















































































9 


'From Reg" Select 


LA411 


















































































10 


LS to SAR 


KB411 


















































































w/M/m 




11 


LS to MAR 


















































































WMMM 




12 


LS to FDR 


KB401 




















































































■ 


13 


LS to TDR 


















































































14 


MAR to LS 


LA702-712 


, 
















































































\ 
















■ 












■ 




15 


Set ALU (I/O Bus) to LS 


























































































16 


LS Write 


LA302/313 


















































































17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































21 


Increment by 2 


RA403 


*i 


V///77777/A 






\>//y>j'j>y>//>/A 


\y>y>^/>y>y>y>//A 






































































22 


Decrement by 1 


RA401 


























































































■ 








23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod^SAR-lnh Check 


KA511 








777M777777? 


V7777777777, 


WWM/A 






































































25 






















































































26 


Prevent Storage Use 


MA402 






































-15 to 0-1 












































27 


SDR to Inh 


MA401 




















0-15 to 0-1 

















5 










































28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 


























































































31 


Eight Shift Control 


RBI 62 








Unde 


ined 




• 




































































32 


Shift by 2 or 4 


RBI 61 


















































































33 


No Shift 


RBI 62 




















0- 


15 














0-15 












































34 


Test Packed Byte or Sign 


RA502 




































| 












































35 


Normalize Sign Active 




































1. 












































36 


Suppress 


RBI 71 




















0- 


11 














0-7, 12-15 "" 












































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 






















Reset 




























































40 


Invert Switch Control 


RB301 


















Not true, not invert = /FFFF/ 












True 0-15= /true/ 












































41 
























| 




























































42 


ALU Control Gate 


AA301 




















AND 
















OE 












































43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 


















































































47 


ALU to Inh 


MA401 


















































































48 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 


Op Reg to Address Bus 


KA541 


















































































\ 




















52 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 




(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































59 




















































































60 




















































































61 




















































































6? 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 


















































































■ 




68 


Set Process Check 


CC122 














LSA 




Any chk 












LSA/Mod 




Any chk 












L£A^ 




































69 


Set LSA Check 


CC221 


\ 




WMM/M 
















WMMM. 




























































70 


Set Mod Check 


CC101 




















































































71 


Set SU Check 


CC102 


1 
























M8m 


15 














AT8«^ 


5 




































72 


Set ALU Check 


/Any check 














































































73 


Set Bus Check 


( 
















































































74 


Set SAR Check 


CC101 


~P 
























WMwr/t. 
























































75 


Set Inh Check 


±z 














































Cycle of next microinstruction 

l a_ 1 1 





























Function signals: ACycle V777X Cycle | 



"Do not care" signals: ACycle I I Cycle | 



• Diagram 5-62. Set Decimal Sign (DD) (Part 2 of 2) 



(03767A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



A Cycle 




Microinstruction Layout 



The packed decimal sign in the 
low-order four bit position of the 
byte addressed by the 'from reg' 
is standardized, according to the 
selected code, and set into the 
low-order four bits of the 'to reg' . 
The high-order four bits of the 
low-order byte in 'to reg' as well 
as the 'from' byte remain unchanged. 
The high-order byte in 'to reg' is set 
to zero. 

If the AC bit (instruction bit 7) 
is on, an address check occurs when 
the 'from address' is outside customer 
area. The 'from address' is not 
updated. 



The code is specified by the USASCII 
latch (on = USASCII, off = EBCDIC). 
The USASCII latch can be turned on by 
a control/11/, bit 14, not bit 12, and 
can be turned off by control /1 1/, not 
bit 14 and not bit 12. 

The sign is not checked 
for validity. If the sign 
pattern is invalid, the 
normalize function is 
inhibited. The invalid 
sign is set into the 'to reg' 



LS reg 2 I 1 '. 2 I 3~ 
remains unchanged , 



Remains unchanged 
Read out addressed byte -» | 8 \ T~] (+) 



LS reg 4 | 5 \ 7 \ 9 "T~2~~ 
before execution I 



Tested for being A to F 

otherwise data error 

Normalize sign (EBCDIC) | C 1 (+) 



TT 


1 |2 1 3 |4 


5 


« 


7 


8 


9 1 10 1 


11 


12 


13 


LL 4 Jj5 


Op Code 


AC 


To Reg 


From Reg 




D -|' 


» 


o 




»l 


1 1 



TT 



, . , l . f; 

LS reg 4 | , | 9 . C | 



INST 
D94A 



MNEM 
SDS 



OPERANDS 
4, 21, AC 



If on, the 'from addr' is checked - 
that it is not outside customer area 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 
R4*=R4.0-ll/BY(R2,AC). 4-7 TEST FOR VALID SIGN AND NORMALIZE 



Cycle 2 




CORE STORAGE - 



Read out and 
regenerate micr 
instruction 



P „.*-. 

I SDR 






Read out and 
regenerate 
'from ope rand ' 



r— *— n 

I SDR , 



Op Reg 
D 9, 4 



T Sense I 
trap reg | 



X 




TDR 

5 7,9 2 



Normalize Sign 
f USASCII FL"0^ 




EBCDIC 



/A,C,E,F/-»/C/ 



/B,D/-»/D/ 



USASCII "] 



/A.C.E.F/- 



/B,D/— »/B/ 



Suppress 



F F F F 

F F I F F 



I From Reg I (LS reg 2) 



LI_2 4 3_4J 



FDR 

0, C 



ZEE 



c 



To Reg 

5 7.92 



i-8_0, .0_2j 



_i__.. 





IAR 

8 4 




i 


i 









-*---. 



i-Z.-?±-Z.J-J 



Tmar "1 
1 1 

Ll_ 2 4 3_4_J 


1 1 


i 




L 1 2 J. 3 4 J 

" T 

SARI 5 





Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

• Diagram 5-63. Set Decimal Sign (DX) (Part 1 of 2) i (03768A) 2020 > 50,000 FEMDM Vol 2 (8/69) 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle 



To Reg. 

0, 9 C 





No 


Name 


ALD 


W, 




mmmmmm ^ d i wm e i , Re ad r i Writa mmmmmmmmmmmmmmmmmmmm i ■ ■ 1 ■ 1 




WW/WA ACycleO | ACyclel | ACycle 2 | | — ' — ' 




^^^^M^^^^^^^^^^^^^ 


l_ycle U 


Cycle 1 


Cycle 2 








T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 




1 


Sense Trap Request Lines 


LAI 03 




















































































2 


LS New PL Zone Gate 


KA511 




















































































/////////M ////////////. 




W///////M m 




■ 




■ 








3 


LS Current PL Zone Gate 


\ 


















































































4 


New/Current PL 




New/current P 


's may dif 


er 


VVv.VsSSSSSS! 






































V^^V-Skvl 
































5 


CE LS Select 


CC222 




















































































6 
























































































7 


Fixed X-Address 


LA412 






7 


7 






7 


^7^ 






























1 




1 




















































8 


'To Reg' Select 


LA402 


























































































9 


'From Reg' Select 


LA411 




























































































10 


LS to SAR 


KB411 




















































































/WM//M 


VW//MW. 






11 


LS to MAR 




















































































'//////////A 










1? 


LS to FDR 


KB401 




















































































m 


■ 




13 


LS to TDR 
























































































14 


MAR to LS 


LA702-712 




















































































S—i: ;:.;:: 
















■ 




■ „_. 








P 












■ 






15 


Set ALU (I/O Bus) to LS 






















































































■ 




■ 


■ 






16 


LS Write 


LA302/313 




















































































17 
























































































18 


Set Address Check 


RA501 




High/low 




















































































19 


Branch Go 


RA502 




















































































20 


Increment by 1 


RA402 




















































































21 


Increment by 2 


RA403 


f 


W//M///A 


VyWAWAV, 


W/S/SMM 


WWSMA>. 


vmvszvA 








































































2? 


Decrement bv 1 


RA401 




















































































■ 








■ 








■ 








■ 










23 


Decrement by 2 


RA402 




















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








V7?S/7777/A 


/M/MM,. 


WMM/M 








































































25 
























































































26 


Prevent Storage Use 


MA402 


































5 to 0-15 


















0-15 




































MA401 




















0-15 toU-15 










0-1 


















o0-15 






























28 


SDR to Op Reg 


KB102 




















































































29 
























































































30 


SDR to TDR 


KB402 






















































































■ 




31 


Eight Shift Control 


RBI 62 








Un 


defined 




_ 






Not shift 8 










Not shift 8 if SAR 15, cross shift if no SA 


R 15 










Not shift 8 






























3? 


Shift by 2 or 4 


RBI 61 




















| 




























| 






























33 


No Shift 


RBI 62 




















0- 


15 














0- 


15 

















-15 






























34 


Test Packed Byte or Sign 


RA502 




















































































a5 


Normalize Sign Active 




















































































36 


Suppress 


RB171 














■ 






0-11 














0- 


11 














0-7, 12-15 






























37 
























































































3R 


ALU to FDR 


AA303 




















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 






































Reset 


FF/ 












































40 


Invert Switch Control 


RB301 


















Not true, not invert =/FFFF/ 










Not 


rue, not invert = /F 












True 0-15 


= /true/ 






























41 
























| 














1 


















































AA301 





















AND 














AND 
















OE 






























43 


Additional Carry 


AA302 




















































































44 


Six Correction 8-11/12-15 




















































































45 




AA402 




















































































46 


Set Condition Code Latches 




















































































47 


ALU to Inh 


MA401 




















































































48 


ALU to SAR 


KB411 




















































































49 
























































































50 




KB402 
























































































KA541 


t 


















































































5? 




> 


















































































53 


Allow Strobe 




















































































54 




BA102 




(Displ SENS strobe) 














































































55 


























































































BA103 




















































































57 






















































































58 
























































































TO 






















































































(SO 






















































































61 












































































































































































A3 






















































































64 












































































































































































66 
























































































67 




CC121 




























n 
















■ 
















■ 
























68 


Set Process Check 


CC122 














LSA 




Any chk 












LSA/Moc 




Any chk 












LS A/Mod 




Any chk 












LSA 




























\ 




















VMM/M 






b777777ZV, 










>»/»»»/> 










































1 


70 


Set Mod Check 


CC101 




















































































































£-15 
















5 














8-13 
























ATR— 












' 


7? 


Set ALU Check 




— 




















































































S Any check 








71 






( 






















































































CC101 


"~T~ 
























uW/MWs 
























































1 


75 


Set Inh Check 


.2Z 




























































Cycle of next microinstruction 













Function signals: ACycle £23 Cycle | 



"Do not care" signals: ACycle I I Cycle 



• Diagram 5-63. Set Decimal Sign (DX) (Part 2 of 2) (03768A) 2020 > 50,000 FEMDM Vol 2 (8/69) 



The packed decimal sign in the low- 
order four bits of the 'from reg' is 
standardized according to the selected 
code and set into the low-order four 
bit position of the byte addressed by 
the "to reg". The high-order four 
bits of the 'to' byte as well as the 
'from reg' remain unchanged. If the 
AC bit (instruction bit 7) is on, an 
address check occurs when the 'to 
address' is outside customer area. 
The 'to address' is not updated. 



The code is specified by the USASCII 
(on = USASCII, off = EBCDIC). The 
USASCII latch can be turned on by a 
control/11/, bit 14, not bit 12, and 
can be turned off by a control 1 1/, 
not bit Hand not bit 12. 

A data check occurs when the low- 
order four bits in the from reg do not 
contain any hexadecimal value /A/ to 
A/. 



LSreg2 [ 4 \ 6 | 8 \ F | (+) 
remains unchanged — i — 



LSreg4 1 ! I I 2 ', 3 j 

remains unchanged I — Read out addressed byte ->* | 9 , 2 j 



Tested for being — -W 

A to F, otherwise data error X 

(+) 1 C 1 Normalize sign (EBCDIC) 
Before execution 







Micro 


nstructior 


Layout 










HI 


1 1 2 | 3 |4 


|5 |6 


7 


8 


1 9 |10 


11 


12 


1,3 In 


« 


Op Code 


AC 


To Reg 


From Reg 




h 


|o |o 




1 1 


°l 



zn 



After execution 



INST 
D9C2 



MNEM OPERANDS 
SDS 41, 2, AC 



If on, the 'to addr' is checked that 
is not outside customer area 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 
BY(R4,AC).4-7*=R2. 12-15 TEST FOR VALID SIGN AND NORMALIZE 



Type 




A Cycle 3 



Cycle 



Cycle 2 



CORE STORAGE - 



Read out and 
regenerate micro- 
instruction 



Read out and 
regenerate 
'to operand' 



Read out 
'to operand' 



Store ha If word into 
position addressed 
by 'to reg' 



_i_. 



L D _V_ 


2 J 


1 




Op Reg 
D 9 , C 2 






(LS reg 2) 



HP F 1 









c 


I True | 








c 



FDR 

,0 C 



From Reg 
4 6 , 8 F 



j To Reg 



| (LS reg 4) 



L 8 _°_,0.2J 



LAAjO _ 2 -L 





IAR 
8 


4 




A 


i 









r SAR ' 

I I 

! 8 0.0 2 J 



Tmar 



L^J+Uj 



. w _ '_i i *j 



___J 



Hsdr" 




x~t 



•~MAR " "| 



,SAR , 

1 1 2 3 i 



I 1 

-►! AC j 
I I 



T 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

Diagram 5-64. Set Decimal Sign (XD) (Port 1 of 2) < (03769) 2020 > 50,000 FEMDM Vol 2 (8/69) 



No 


Name 


ALD 


m^P^^^%^ Read | Write | „ Read . | Write | Read | , Write, | | 1 '" . fl 


%%^M 


< A Cycle | A Cycle 2 | A Cycle 3 | | ' ' ' 


'Wf^/////////y////////m^^^ 


Cycle 


Cycle 2 


Cycle 3 






T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 




















































































W//MAW 


■ 


//////;///// m 


■ 


v;//;/;;;;a m 


■ 






3 


LS Current PL Zone Gate 


\ 






















pr— — f 
















1 








































4 


New/Current PL 




New/current 


L'5 may di 


ffer 




































































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X-Address 


LA412 






7 


7 






7 


^^^H 












1 




1 












7 




7 


































;;////;///;; 








■ " 




■ 


8 


'To Reg' Select 


LA402 


















































































■ >///////////, 






y/AVAWA 




9 


'From Reg' Select 


LA411 


















































































10 


LS to SAR 


KB411 


















































































'MUV//AW 


WMMM. 


v;/;;/////;, 


11 


LS to MAR 


















































































W'W^ 


w;/;;/;/;; 


w;;;;/;;//. 




12 


LS to FDR 


KB401 






















































































13 


LS to TDR 


















































































14 


MAR to LS 


LA702-712 


















































































v._ 








■ 












■ .„. 












m 








■ 




15 


Set ALU (I/O Bus) to LS 




























































































m 


P 


■ 


■ 


16 


LS Write 


LA302/313 


















































































17 






















































































18 


Set Address Check 


RA501 




High/low 






















AC bit on 














AC bit on 




































WA//MWA 


w/w///// 


19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































21 


Increment by 2 


RA403 


\ 


7//////?//A 


s/?;;m;;;a 


V/AW////A 




































■P — I 








■ 








■ 






















22 


Decrement bv 1 


RA401 


































































































■ 








23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod^SAR-lnh Check 


KA511 








77777777777* 


V//////////A 


/////////•sA 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































0-7 if SA 






no SAR If 


























27 


SDR to Inh 


MA401 




















0-15 to u-10 
























0-/ to 


R 15, 8-15 to 8-15 if 


























28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 


















































ft 8 if SAR 
































■ 




15, cross shift if no 


31 


Eight Shift Control 


RBI 62 








Undefined 













Not shift 8 
























Not shi 


SAR 15 


























32 


Shift by 2 or 4 


RBI 61 




















































|. 




























33 


No Shift 


RBI 62 




















0- 


15 














0-li> 














0- 


15 




























34 


Test Packed Byte or Sign 


RA502 




































1 












































>///;/;///>//. 




2-15 are not sign /A/ to /I-/ 




35 


Normalize Sign Active 




































1 1 












































36 


Suppress 


RB171 




















0- 


11 














0-7, 


12-15 














0-7, 


12-15 




























37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/ Retain FDR 0-7 


AA303/KB41 1 
























Reset FDR 
























































40 


Invert Switch Control 


RB301 


















Not true, not invert = /FFFF/ 










True 0-15 = /W/ 














True 0-15= /true/ 




























41 
























| 




























































42 


ALU Control Gate 


AA301 




















AND 














OE 


















OE 




























43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 


















































8-15 to 


-7 (no SAR 15) or 8- 


5 (SAR 15 


























47 


ALU to Inh 


MA401 










































































48 


ALU to SAR 


KB4U 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 


Op Reg to Address Bus 


KA541 


















































































\ 




























5? 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 




(n~ I sf 




















































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































59 




















































































60 




















































































61 




















































































6? 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 


















































































P 




68 


Set Process Check 


CC122 














LSA 




Any chk 












LS A/Mod 




Any chk 












LS A/Mod 




Any chk 












L5A 




















69 


Set LSA Check 


CC221 


\ 




















v;/y>;;////A 
















WAy/M*. 






WM/SAW. 






































70 


Set Mod Check 


CC101 


















































































71 


Set SU Check 


CC102 
























» 8-15 














AT8M 


5 














tt 8 " 15 






















AT8HH 








72 


Set ALU Check 


\ Any Check 














































































73 


Set Bus Check 


















































































74 


Set SAR Check 


CC101 




























V77/////77Z 
















WMMM. 








































75 


Set Inh Check 


J 






























































Cycle of next'microinstruction 













Function signals: ACycle ^3 Cycle | 



"Do not care" signals: ACycle I I Cycle 



• Diagram 5-64. Set Decimal Sign (XD) (Part 2 of 2) 



(03769A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 




The packed decimal sign in the four low- 
order bits of the byte addressed by the 'from 
reg' is standardized according to the selected 
code and set into the four low-order bits of 
the byte addressed by the 'to reg'. The four 
high-order bits of the 'to' byte as well as the 
'from' byte remain unchanged. 'From reg' 
and 'to reg' may contain the same address 
or may be the same LS register 

If the AC bit (instruction bit 7) is on, an 
address check occurs when one of the operand 
addresses is outside customer area. The 
operand addresses are not updated. 



The code is specified by the USASCII 
latch (on = USASCII, off = EBCDIC). 
The USASCII latch can be turned on 
by a ctrl/11/, bit 14, not bit 12, and 
can be turned off by ctrl/1 1/, not bit 
14 and not bit 12. 

A data check occurs when the four ■ 
low-order bits of the 'from' byte do 
not contain any hexadecimal value 
/Vto/F/ 



Microinstruction Layout 



LS reg 2 
remains ur 



:hanged 



Re mains unchan ged 
Read out addressed byte ► ! 8 | F | (+) 



Tested for being 

A to F, otherwise data error 



LS reg 4 
remains i 



nz 



_D 



"!T 


1 1 2 | 3 | 4 


\> 


l« 


7 


8 


h ho 


" 


12 | 13 | 14 | 15 


Op Code 


AC 


To Reg 


From Reg 




1 ' 


1° 


« 




1 1 


' 1 



1TJ. 



If on, the 'from' and 'to' addr's 

checked that they are not outside customer area 



Read out addressed byte 



Normalize sign (EBCDIC) 
Before execution 

-» T"9TT1 



GDw 



I v 

______ 



f? 



Type 



ACycle 2 



Cycle 



Cycle 1 



Cycle 2 



T3 T4 



T8 



Tl 



CORE STORAGE - 



Read out and 
regenerate micro- 
instruction 



Read out and 
regenerate 
"from operand' 



jSDR J 

I l- 

|_D 9 , C A_! 



Op Reg 
D 9, C A 



i I , 

___f __J ' 



-I — 



_______ _.!_ 





IAR 

8 4 




i 


I 









Tsar"*"""] 
i i 

l?JLl<L1 _! 



r __i. 

I SDR 



'4 6,8 F 



r— *— 1 




1 MAR * 


r i 


1 I 


- -IN AC ' 


'4 2 1 1 ' 


i 1 


i-.__.i_ 1 _ 





_____ 



T 




Store halfword 
into position 
Read out addressed by 

'to operand' 'to reg' 

T ~ 



_____ 



T Sense | 
trapreg.} 




I To Reg 



1 


.t_ 


— T 


| MAR 




1 


L°__ 


+ 2 - 


3' 


Tsar 


.i_ 


-1 

I 



I 1 

H AC I 
I I 



T 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle 1 I 

Cycle 



Diagram 5-65. Set Decimal Sign (XX) (Part 1 of 2) < (03770) 2020 > 50,000 FEMDM Vol 2 (8/69) 



No 


Name 


ALD 


m^m^^mm^^ Read | Write | 


, Read , | Write | Read | , Write j | Read | Write [ * \( 


y/////////A A Cycle | 


A Cycle 1 | A Cycle 2 | A Cycle 3 | ' 


'm^MMmmmmmmmmm^A 


Cycle 


Cycle 1 


Cycle 2 


Cycle 3 




T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 
















































































>/////////// 


>;;;/;//;/;a 


■ 


W////////A m 




w///;;////. ■ 


■ . 


WMWMm 








3 


LS Current PL Zone Gate 


















































































\ „.,, ,. 












i 
















■ 










■ 










4 


New/Current PL 




New/current PL's may differ 




































































5 


CE LS Select 


CC222 
















































































6 






















































































7 


Fixed X-Address 


LA412 






7 


7 






7 

m 


^^^ 






























1 




1 












7 




7 


















8 


'To Reg' Select 


LA402 




















































































WMMW. 






w;;;;;//;, 




9 


'From Reg' Select 


LA411 




















































































'W//////M 




10 


LS to SAR 


KB411 


















































































>/;;//;//;;;. 


W/MrfSM 


W/M/MA 


W////////A 


11 


LS to MAR 


















































































v;/;////;/a 


V//S////M, 




w;;;;;/;;/. 




12 


LS to FDR 


KB401 


















































































■ „ 




13 


LS to TDR 


















































































■ 


14 


MAR to LS 


LA702-712 


t 














































































15 


Set ALU (I/O Bus) to LS 




























































































■ 


P 








16 


LS Write 


LA302/313 


















































































17 






















































































18 


Set Address Check 


RA501 




H" h/l~» 






















AC bit on 














AC bit on 














AC bit on 
























'//;///////;, 


>///;//;//;/, 


v;/;;;;;//;, 


19 


Branch Go 


RA502 


















































































20 


Increment by 1 ' 


RA402 


















































































21 


Increment by 2 


RA403 


\ 


























































IF 






















2? 


Decrement by 1 


RA401 


















































































■ 














; , 


M 








■ 
















23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








7777777//7V 


V/X7777/7Z 


7777/7ZV77a 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Inh 


MA401 




















0-15 toU-15 














0-15 to 0-15 














0-15 to 0-15 










0-7 to 0-7 if SAR 15, 8- 


5 to 8-15 if no SAR 15 








28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 






















Mot shift 8 




























































■ _ 


31 


Eight Shift Control 


RBI 62 






f~ ~ 


Unde 


fined 


_ 
















is 


ot shift 8 


f SAR 15, cross shift if no SAR 15 








Not shift 8 if SAR 15, cro 


s shift if no SAR 15 
























32 


Shift by 2 or 4 


RBI 61 














n 




































1 




























33 


No Shift 


RBI 62 




















0-15 






























0-15 














0-15 












34 


Test Packed Byte or Sign 


RA502 












































Data erro 


_ 




......).,._*, 






























W//////////. 




35 


Normalize Sign Active 




































0-15 














1 




























36 




RBI 71 




















0-11 














0-11 














0-7, 12-15 














0-7, 12-15 












37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 






































Reset 












































40 




RB301 


















Not true, not invert =/FFFF/ 










Not true, not invert =/FFFF/ 












True 0-1 5 = /true/ 














True 0-15 =/true/ 












41 
























| 














1 












































42 




AA301 




















AND 














AND 
















OE 
















OE 












43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 




































































!-15toO-7(noSAR 














47 


ALU to Inh 


MA401 


































































5) or 8-1 5 (SAR 1 5) 










48 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 




KA541 


t 1 
















































































5? 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 




(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 






















































































59 




















































































60 




















































































61 




















































































62 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 












































■ 
















■ 
















m 






68 


Set Process Check 


CC122 














LSA^ 




Anychk 












LS A/Mod 




Anychk 












LS A/Mod 




Any chk 












LS A/Mod 




Any chk 












^^A^ 




69 


Set LSA Check 


CC221 


\ 




7//;/;/;///; 
















\///;/;/;//7/ 






Y/Z7Z777/7Z, 










V/V7777777, 
















M'/W/'/ 




w/Mm 




















70 


Set Mod Check 


CC101 




















































































71 


Set SU Check 


CC102 


























\T8-ii 


5 














~ 8 -' 15 














AT8MH 


i^H 














AT8HM 


^5 






72 


Set ALU Check 


\ Any check 














































































73 


Set Bus Check 


( 
















































































74 


Set SAR Check 


CC101 


T 
























yMMWA 
















T7777ZV777z\ 
















w;;;;;;», 
























75 


Set Inh Check 


J 

















































































Function signals: ACycle V7ftlk Cycle | 



"Do not care" signals: ACycle I I Cycle | 



• Diagram 5-65. Set Decimal Sign (XX) (Part 2 of 2) (03770A) 2020 > 50,000 FEMDM Vol 2 (8/69) 




The CPU stops after executing 
the instruction. The 'from reg' 
is displayed in data register P, 
I, U, L. The 'to reg' is 
displayed in data register E, S, 
T, R. The CPU can be started, 
again by operating the start key. 
The next microinstruction to be 
executed will be that addressed 
by the updated IAR (HALT 
instruction address + 2). 



LS reg 4 | 


1 \2 


3 


4 I 


remains u 


nchanged 












LS reg 2 | 


A : B 


C 


D I 









Microinstruc 


tion Layout 










o 1 


, 1 2 


|3 | 4 1 


5 1 6|7 


8 j 9 | 10 


" 


12 


13 | 14 


15 


Op Code 


To Reg 






From Reg 






D 


' 


1 | | 


o| 




° 







ichangedL 



U j L I 



INST 
DC42 



MNEM OPERANDS 
HALT 4, 2 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 
FDR=E,S ) T,R*=R4, TDR=P, I, U, L*=R2 



SDR 


1 

1 






Jj 






Op Reg 

D C,4 2 





TDR 

A B | C D 



A B C D 

1 I Mill 

A B C D 



rm 



P I U L 



fTTT 



1 2 3 


4 


| True | 


1 2 3 


4 



FDR 
1 2, 3 4 



From Reg 
A B ,C D 



L_8_0, 0_2j 



1 2, 3 4 



(LS reg 4) 



r ..I„ 

I SAR 



Display 
retained 
during 
CPU stop 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle 
Cycle 



r i 



CPU stop 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

Diagram 5-66. Halt and Display Halfwora 1 (Part 1 of 2) (03771) 2020 > 50,000 FEMDM Vol 2 (8/69) 





No 


Name 




W/MmmMM/M/M Read | Write i^»l«« 
g^v^^^^^WWH a Cycle 4^^^^^%%!^^^^^^^^^^ 


WM0^^Mmm A 


W////////////M/M 1 * ' | 1 — ! ' * , 




ALD 


^«^^#J^^M^^M«^«^ 


Cycle 


^^^^^^^^^^^^^^^^^ 


r— l_ . ; , 


1 






T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 ' 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 




1 


Sense Trap Request Lines 


LAI 03 




















































































2 


LS New PL Zone Gate 


KA511 




















































































»M 'WMM/fo 
















3 


LS Current PL Zone Gate 


\ 
























■ 


























































4 


New/Current PL 


yVAVAwi 


New/current PL's may differ 


s\\\\VVv\vSSl 






\vv\vv\^s\v| 


\\\\\vvsV\xi 


^^\\\\\v4 


■^^^ssi 


^^\VV\\V\\M 


VV^VVV^SStt 


WWV\V\W\xj 


<?s^ssd 


-kWWWWW^ 


^^v\\\\v^vvvvvv^vvvvvi 




kVVVVVV^VVVVN 


b^^^d 








































5 


CE LS Select 


CC222 




















































































6 
























































































7 


Fixed X-Address 


LA412 






7 


7 






7 


7 






7 


7 






7 


7 




















































W/SS/M/A 


WMMM 


■ 














8 


'To Reg' Select 


LA402 




















































































■ 








9 


'From Reg' Select 


LA411 
























































































10 


LS to SAR 


KB411 




















































































WfflfflMA 




11 


LS to MAR 




















































































W/WMM 




12 


LS to FDR 


KB401 




















































































■ 




13 


LS to TDR 




















































































14 


MAR to LS 


LA702-712 


, 


















































































V 








■ 








■ 


















15 


Set ALU (I/O Bus) to LS 


























































































■ 








16 


LS Write 


LA302/313 




















































































17 
























































































18 


Set Address Check 


RA501 




















































































19 


Branch Go 


RA502 




















































































20 


Increment by 1 


RA402 




















































































21 


Increment by 2 


RA403 


\ 








W////////7, 


W////S/S/, 
















tK " j 
























































?2 


Decrement by 1 


RA401 




















































































23 


Decrement by 2 


RA402 




















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








77////7T7/// 


V7/7/////S/, 


W//7/7777/ 








































































25 
























































































26 


Prevent Storage Use 


MA402 




















































































?7 


SDR to Inh 


MA401 




















0-15 to 0-15 














0-15 to 0-15 














































28 


SDR to Op Reg 


KB102 




















































































29 
























































































30 


SDR to TDR 


KB402 




















































































■ 




31 


Eight Shift Control 


RBI 62 








Undefined 




.., 






Not shift 8 






























































32 


Shift by 2 or 4 


RBI 61 




















































































11 


No Shift 


RBI 62 




















0-15 






























































34 


Test Packed Byte or Sign 


RA502 




















































































35 


Normalize Sign Active 




















































































36 


Suppress 


RB171 




















































































37 
























































































38 


ALU to FDR 


AA303 




















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 




















































































40 


Invert Switch Control 


RB301 




















True 0-15= /true/ 














True 0-15 = /true/ 














































41 
























































































4? 


ALU Control Gate 


AA301 






















OE 
















OE 














































43 


Additional Carry 


AA302 




















































































44 


Six Correction 8-11/12-15 




















































































45 


Set Carry Latch 


AA402 




















































































46 


Set Condition Code Latches 




















































































47 


ALU to Inh 


MA401 




















































































48 


ALU to SAR 


KB411 




















































































49 
























































































50 


Data Switch to Op Reg 


KB402 




















































































«>1 




KA541 


t 1 


















































































52 


I/O Display Address Out 




















































































53 


Allow Strobe 




















































































54 


SENS Strobe/Control Strobe 


BA102 




(Displ SENS strobe) 














































































55 


Sense Reset/CTRL Strobe 




















































































56 


Prevent ALU and SU Check 


BA103 




















































































57 


I/O Bus to FDR 




















































































58 


























































































End Op Cycle 


KA403 




















































































60 


Hold Run Condition 


KA521 














^ M 


construct 




eg 
































































61 


Delta Process Latch 


KA303 













































If start 





/ 




































6? 



















































^~\ 




































63 




















































J 




































64 






















































































65 






















































































66 






















































































67 


Set ALU Test Latch 


CC121 




















































































68 


Set Process Check 


CC122 














^^A^ 




Any chk 












L£A 






















































69 


Set LSA Check 


CC221 


\ 




v//;/;/;/;;, 


1707/777777, 












































































70 


Set Mod Check 


CC101 


-\ 


















































































1 


71 


Set SU Check 


CC102 






















































































72 


Set ALU Check 


\ Any check 
















































































73 


Set Bus Check 


( 


















































































74 


Set SAR Check 


CC101 


7~" 


















































































75 


Set Inh Check 




±Z 














































Cycle of next microinstruction (if start) 



























Function signals: A Cycle E3 Cycle | 



"Do not care" signals: ACycle I I Cycle | 



• Diagram 5-66. Halt and Display Halfword (Part 2 of 2) 



(03771 A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



Microinstruction Layout 



A byte or halfword provided by a 
sense source (CPU or attachment) 
is set into 'to reg'. The sense 
source is selected by the SENS/ 
CTRL address in the low-order byte 
of the instruction (256 different 
sources are possible). The SENS/ 
CTRL address Is set on the address 
bus. The sense byte is set on the 
data bus in the attachment to 
which the current SENS/CTRL 
address is co-ordinated. Except 
for the halfword SENS's (SENS/ 
CTRL addresses /l 4/ and /l 5/), the 



SENS/CTRL address on the 
returning address bus is exclusive 
ORed with the original SENS/ 
CTRL address in the instruction. If 
both addresses are identical the 
result is zero. The result is set 
into the high-order byte of the 
'to reg' . 



Instruction | Op todej 2 \ 3 | 



SENS/CTRL address to attachment ^-Activates sense source 

/23/ 



| 1 | 2 | 3 


4 | 5 | 6 | 7 


8 | 9 | 10 | 11 | 12 | 13 | 14 | 15 


Op Code 


To Reg 


SENS/Ctrl Addr 


E 


o 1 





LS reg 4 1 3 ', A | B '. 4 
before execution 



-Read 
Check 



Card In 
Preread 



Punch 
Busy 



Ready 
and 



Wkg 



INST 
E423 



MNEM OPERANDS 
SENS 4,X»23* 



- direct addressing 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 
R4*= «00« /SENSE 23 



LSreg4 | ] | F 1 j 
after execution 



I/O 



Type 



Direct 
Addressing 




Addr Bus L 

(Data if halfword SENS) 





IAR 
8 


4 




- 


i 









Note: Except for halfword SENS, the high-order byte in 
'to reg' must be zero. Otherwise an even number 
of bits may be lost or forced on the addr bus. 
Compare the DR-P, I display with the original 
microdevice addr (op reg display) 



,-t- n 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

Diagram 5-67. SENS CPU I/O (Direct Addressing) (Part 1 of 2) (03772A) 2020 > 50,000 FEMDM Vol 2 (8/69) 



No 


n- 


ALD 


W/^/Z/ZZ/W////////^^^^ Read 


I Write | 
Cycle 


-r ' ^ 1 ' 


U n . 


1 , 1 «_ 


.1 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 


















































































W/Mtt/ZL 


MM/MM 


■ 1 


■ 




3 


LS Current PL Zone Gate 


f 
























■■ 
























































4 


New/Current PL 


J&SSWJ; 


New/current F 


L's may di 


ffer 


JSSSJSJKKJ 






S&Kt&Vft 


SSSSftS 


WSJSJJSRS ?J5SS5SSJSS 


K^U^WSUU^ttS 






















































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X- Address 


LA412 






7 


7 






7 


7 


































































8 


'To Reg' Select 


LA402 




















































































9 


'From Reg' Select 


LA411 


















































































10 


LS to SAR 


KB411 


















































































VMW/MM 


11 


LS to MAR 


















































































WMWMM 


12 


LS to FDR 


KB401 




















































































13 


LS to TDR 


















































































14 


MAR to LS 


LA702-712 


















































































y '■"■ ■ 








■ 








■ 




15 


Set ALU (I/O Bus) to LS 




















■ 








I/O bus to LS if I/O SENS 
















































16 


LS Write 


LA302/313 


















































































17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































21 


Increment by 2 


RA403 


4 


























■ 






















































22 


Decrement by 1 


RA401 


















































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








WMM/M 


MUMMMU 


»»»w»\ 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Inh 


MA401 




















0-15 to 0-15 




























































28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 


















































































31 


Eight Shift Control 


RBI 62 








Unde 


ined _ 


1— 






Cross 


hift (not shift 8 FL turned off by op reg de 


code/E/ 


SENS]) 




















































32 


Shift by 2 or 4 


RBI 61 


















































































33 


No Shift 


RBI 62 




















0- 


15 




























































34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RBI 71 


















8-15, if SENS/CTRL addr/14/ or/15/= 0-15 






Note: /14/ or/15/ defines halfword SENS's 










































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB41 1 


















































































40 


Invert Switch Control 


RB301 




















True 0-1 


5= /true/ 




























































41 






















































































42 


ALU Control Gate 


AA301 






















OE 




























































43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 


















































































47 


ALU to Inh 


MA401 


















































































48 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 


Op Reg to Address Bus 


KA541 


i 
















































































52 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 








Djspl 








SE 


NSEstrob 








Con 
AT8JIH 


rol 






















































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 
















1 


device ac 


dr^/K. 


/(CPU SEf 


vJS's) 


























































57 


I/O Bus to FDR 














r 


cpu sen; 




Bits(H5 






























































58 
















. 




I/O SENS ) 




Btts^^ 






ATB^ii 


5-15 






















































5? 




















































































60 




















































































61 




















































































6? 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 


















































































P 


68 


Set Process Check 


CC122 














l£A^ 




Any chk 












L£A^ 




















































69 


Set LSA Check 


CC221 


- 1 














































































7ft 


Set Mod Check 


CC101 




















































































71 


Set SU Check 


CC102 
























( 


AT8^H 


^0-7, 


no check 


f halfword 


SENS 
















































72 


Set ALU Check 


\ Any check 














Pr 


evented for CPU SEN 


l\ 


























































73 


Set Bus Check 




















(P 


revent ALL 


and SU c 


hk) J 




iBB lf S u m bir s 0-7fALUlor« 


nse bits 8-15 even or double select 










































74 


Set SAR Check 


CC101 
































T 


1 














































75 


Set Inh Check 


J 


























Cycle of next microinstruction 















































Function signals: ACycle EEJ Cycle | 



"Do not care" signals: ACycle I 1 Cycle 



• Diagram 5-67. SENS CPU I/O (Direct Addressing) (Part 2 of 2) (03772A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



A byte provided by a sense source 
(CPU or attachment) is stored into 
the byte addressed by the 'to reg'. 
The 'to address' is incremented by 
1 . The sense source is selected by 
the SENS/CTRL address in the low- 
order byte of the instruction (256 
different sources are possible). The 
SENS/CTRL address is set on the 
address bus. The sense byte is set 
on the data bus in the attachment 
to which the current SENS/CTRL 
address is co-ordi hated. The 
SENS/CTRL address on the returning 
address bus is exclusive ORed with 
the original SENS/CTRL address in 
the instruction. If both addresses are 



identical the result is zero. The 
result can be displayed in the 
high-order ALU byte. 



Instruction fOp Code \ 2 \ 3 | 

Sens/CTRL address to attachment — — »~ Activates sense source 



-Wkg 



-Read 
Check 



Card In 
Preread 



LS reg 4 | 2 ,' E I E | 2 | Be fore execut ion 

before execution ' "rT~= _ Read out addressed byte -»| A | A | 



-J- 



LS reg 4 | 2 \ E | E ] | 3 
after execution 



After execution 











Microinstruction 


Layout 









| , | 2 


3 


4 


! 5 1 6 1 7. 


8 


1 9 | 10 | 11 1 12 1 13 


.4 


1.5 


Op Code 


To Reg 


SENS/Orl Addr 


E 


' 1 





Punch 
Busy 



Ready 
and 
not ck 



INST 
EC 2 3 



MNEM 
SENS 



OPERANDS 
4I,X'23' 



- Indirect addressing 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 
BY(R4, + 1) *= SENSE 23 



Type 



Indirect 
Address! n 




A Cycle 3 



Cycle 



CORE STORAGE - 



Read out and 
regenerate micro- 
instruction 



Store halfword into 
Read out position addressed by 

'to operand' 'to reg' 



[SDR-*-- 



Op Reg 
E Ci 2 3 



r--*--- . 

,SDR i 

I | 

l_A. A X B_B j 



TL 



TDR 
E C . 2 3 







*\'mh 

2 3 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle 



>• Note: The high-order result byte must be zero; 
otherwise an even number of bits may be 
lost or forced on the addr bus. Compare 
P-l display with the original microdevice 
address (op reg display) 



iiar ; 



___*__, 



1+2 



LI-O-l - JJ 






IAR 
8 


o 4 




- 


i 









,SAR 

J_2 _E j_E_2 J 

SAR15 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 



^Diagram 5^68. SENS.CPU I/O indirect A^gssing) (?$&] of 2) ^^ (03773/^^ 2020^50, 000 £J£& DM Vo\J^ (8/69)^ 



No 


M-. 


ALD 


m///M/mM/M/////MT Read | Write | Yead I Write f ' I s 1 —] 1 , 1 

V//////aW\ < ACycle 1 * ACvcleS < " ' * 1 "« ' J r ' *. A 


mmxmmmmmmmmmmm^ 


Cycle 


Cyc 


e 3 


1 - i 


1 




T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 


















































































v////////// 


//////////// 




WMWWa 


■ 








3 


LS Current PL Zone Gate 


, 
















































































J 














w/w/WA m 












4 


New/Current PL 




VKSttKW 


Ne 


w/current PL's may d 


iffer 


^V^VSSSSSN 






















^\\VV\\\\\\^ 






L\SV\\V\X\\^ 


s^SW^tt 


S\\\V\\\\^ 






































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X-Address 


LA412 






7 


7 






7 


7 












1 




1 


















































"» 


MMMM 








■ 


8 


'To Reg' Select 


LA402 




















































































•1 


'//////////A 


9 


'From Reg' Select 


LA411 


















































































10 


LS to SAR 


KB411 


















































































AWAMiiii 


WAWAW,. 


11 


LS to MAR 


















































































w/Awm 


WMM& 




12 


LS to FDR 


KB401 


















































































■ 


13 


LS to TDR 


















































































14 


MAR to LS 


LA702-712 


s — 






















■i 






pi 




















































15 


Set ALU (I/O Bus) to LS 






















































































m i 


■ 






16 


LS Write 


LA302/313 


















































































VA>A>A>A>A 


17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































21 


Increment by 2 


RA403 


r 


ZZPAW/A 


W//S//A>A 


yy/AVAV/A 


W//M///A 


WS/S/MM 
















■ 








— 














































22 


Decrement by 1 


RA401 


















































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA5U 








W777AVZV. 


/AV77//A7> 


W/X77///A 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Inh 


MA401 




















0-15 to 0-15 










0-7 


to 0-7 if SAR 15: 8-1 


5 to 8-15 


f no SAR 


5 








































28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 


















































































31 


Eight Shift Control 


RBI 62 








Unde 


ined 














ni—ifgE^auicEaBina^a^pirniBa^i^— 
















































32 


Shift by 2 or 4 


RBI 61 


















































































33 


No Shift 


RBI 62 




















0- 


15 














0-15 












































34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RBI 71 




















8- 


15 














8- 


15 












































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 


















































































40 


Invert Switch Control 


RB301 




















True 0-15 = /true/ 














True 0-15= /true/ 












































41 






















































































42 


ALU Control Gate 


AA301 






















OE 
















OE 












































43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 


















































































47 


ALU to Inh 


MA401 
































8- 


15 to 0-7 


no SAR 15 


or 8-15 ( 


SAR 15) 










































48 


ALU to SAR 


KB4U 


















































































49 


























) 




























































50 


Data Switch to Op Reg 


KB402 


















































































51 


Op Reg to Address Bus 


KA541 


f- 
















































































52 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 








mnnum 










iNSstrob 








AT8^S& 


rol 




S 


iNSstrobe 








,.„ Cor 
AT8HM 


trol 






































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


























If devic 


e addr = / 


.../(CPL 


SENSVs) 


















































57 


I/O Bus to FDR 








JcPUJSENS 










Bits(M5 
















Bits 0-15 














































58 












{_ I/O SENS 










Bits 0-7 






ATsfil 


5-15 








Bits(£7 






.to Bits 


5-15 






































59 




















































































60 


End Op Gate 


KA412 


































Uncondit 


ional 














































61 


End Op Latch 


KA411 


















































































6? 






















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 




























m 
















■ 






































68 


Set Process Check 


CC122 














LSA 




Any chk 












LSA/Mod 




Any chk 












^^A 
























.Note: The low-order ALU byte (SENS byte) is not 


checked . 


69 


Set LSA Check 


CC221 






WfWtftfS 


VA>SA>A>A>M 














VAVAVAVZ 




'W////A///A 


VA>/A>;/A/A 








































INH check will occur if the low-order ALU byte is incorrect 


70 


Set Mod Check 


CC101 


























VA>A>A>SA>A 
























































71 


Set SU Check 


CC102 


























0-7 














rn 0-7 










































72 


Set ALU Check 




















Prevent f 


or CPU SENS ^ 


























































73 


Set Bus Check 






























If sum b 


ts 0-7 or sense bits 8-15 even or double select- 


1 — 








































74 


Set SAR Check 


CC101 


























W//SAV77?. 
























































75 


Set Inh Check 
















































Cycle of next microinstruction 





























Function signals: ACycle [ 



Cycle | 



"Do not care" signals: ACycle I I Cycle | 



• Diagram 5-68. SENS CPU I/O (Indirect Addressing) (Part 2 of 2) (03773A) 2020 > 50,000 FEMDM Vol 2 (8/69) 



A Cycle 




If the 'to reg' field contains /7 / 
(111), an indirectly addressed 
SENS (see Diagram 5-69) is exe- 
cuted in ALC mode . LS register 1 
contains the field length (real 
number of bytes to be sensed reduced 
by 1). LS register 6 contains the 
address of the byte into which the 
first sense byte must be stored . The 
field length is decremented by 1, 
and the store address is incremented 
by 1 , every time a sense byte is stored . 



This SENS ALC can be used to 
question a sense source with a 
repetition rate of 2 microseconds 
(diagnostic applications, ICR). 



Microinstruction Layout 



| 1 | 2 | 3 


4 I 5 | 6 | 7 


8 | 9 | 10 | 11 | 12 | 13 | 14 | 15 


Op Code 


To Reg 


SENS/Ctrl Addr 


E 


• 1 • I • 1 < 





INST 
EF20 



MNEM OPERANDS 
SENS TI.X^O 1 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 
BY(R6, + 1, UNTIL Rl, LT, 0) *= SENSE 20 



Repeat A Cycle 3 




^ALC^ 

end op i. 



— ► A Cycle 1 -A Cycle 



I/O 



A Cycle 1 



Cycle 



CORE STORAGE - 



Read out and 
regenerate micro- 
instruction 



I 8 2 J 



Tsar" "1 
i i 

L 8 ° i ° 2 J 



1 AT8 1 | 

Read out halfword 
addressed by LS j 



Store halfword into 
position addressed 
by LS reg 6 




T7 T8 Tl 



I~c<Td ~ "I 



Op Reg 

E F , 2 



TDR 
E F 2 



FDR 
2 



Acceptance of first SENS byte 
4 (CYO) AT8 
1 " - ~ 



n 



720/ 



3L 



J. 



Ifdr 

I 2 ,0 1 



Data bus l 



M 




TDR 
E F 2 



Common part cycle 3 



Acceptance of the second and following 

T4 SJENSbytes (cy3) AT8 

R I " rFDT 

| 2 ,02 



3E 



702/ 



I 



-£>- 



»• Repeat common 
part cycle 3 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle 1 1 

Cycle 



Is Re~g 6 ~] 
!_4_2 , l_0__j 



| SENS strobe | 



L 4 JjLIJ ' 

r LS~Regf ~ "j 



rMAR---yi 

i +1 L_ 

Lll|ii l_J 



^SAR- T — "J 
J_4_2j 1_0 J 



LS Reg 1 
F E 



MAR , 

I | -1 

| ,F F 



|_8_0 , 0_ 2 J 



Decrement carry 
forces end op ALC 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 



.Diagram &£9. SENJ^O (ALQJ£art 1 of JJw (03ZZ4A) .25*20 > 50.QQCLFEMDM W 7 te/A91 



r-r 
















^■Wad 


^^ 


*" Wr" 


te *"> 








mr — 


~ 




~~ Write 


^ 


y//MMW//W/M/////// / 


mm 






WMMMfM 








1 








1 








1 


No 


Name 


ALD 


f MAmmmMmmmmMmm, 


1 

Cycle 


ACycle 3 | A Cycle 
Cycle 3 


Cycle 1 


1 


s 






















15 


16 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 J T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 






■1 
















v/w//w, 


■ 














u 














■i 




























3 


LS Current PL Zone Gate 


s — 














■ 










W///////A 
























































4 


New/Current PL 




fcw^vv 


New/current 1 


L's may differ 


\\\\\\\v\ssx 


































































5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X-Address 


LA412 




. 


7 


7 






7 

m - 


7 

■i -H 






6 




6 


1 




—J— 






6 




6 


7 




7 


































8 


'To Reg' Select 


LA402 


















































































9 


'From Reg' Select 


LA411 


















































































10 


LS to SAR 


KB411 


















































































y^wfta 


MUMMi 




11 


LS to MAR 






















MWAii>. 






W//MM 
















wa>;;a>av. 




































12 


LS to FDR 


KB401 


















































































■ ; 


13 


LS to TDR 


















































































14 


MAR to LS 


LA702-712 


\ 


















J 




h 1 — 


tew<i 














I 










































15 


Set ALU (I/O Bus) to LS 






















■ 
















■ 






m 
















Ui 






















16 


LS Write 


LA302/313 


















































































'MMWMV. 


17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 




































■ — 














































21 


Increment by 2 


RA403 


\ 


■ 








■ 






































































22 


Decrement by 1 


RA401 




























































■ 






















23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod^SAR-lnh Check 


KA511 








W//////////. 


'//////////a 


WSS/AV/M 


■^^" 




































































25 






















































































26 


Prevent Storage Use 


MA402 


















































0-15 






























27 


SDR to Inh 


MA401 




















0-15 to 0-15 











-7 to 0-7 


f SAR 15, 


8-15 to8- 


15 if no SAR 15 












o0-15 




























28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 






















































































31 


Eight Shift Control 


RBI 62 








Undefined 






























id off) -■ 




































32 


Shift by 2 or 4 


RBI 61 


















































































33 


No Shift 


RBI 62 




















0- 


15 














0- 


15 














0-15 




























34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RBI 71 




















8-15 














B- 


5 














8- 


15 




























37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 


















































































40 


Invert Switch Control 


RB301 




















True 0-15= /true/ 














True 0-15 =/true/ 














True 0-15 = /true/ 




























41 






















































































42 


ALU Control Gate 


AA301 






















OE 
















OE 
















OE 




























43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 






































R 15) or 8- 


15 (SAR 1 










































47 


ALU to Inh 


MA401 


































8-15 to 0-7 (no SA 


5) 








































48 


ALU to SAR 


KB411 


































^^^^^M 














































49 




















































































50 


Data Switch to Op Reg 


KB402 
















































































51 




KA541 


j 














































































52 


I/O Display Address Out 


































■■^■^■^ 














































53 


Allow Strobe 


































|^ mm 














































54 


SENS Strobe/Control Strobe 


BA102 








Displ 










ENS strob 








ATRHM 


trol 






ENSstrobe 






T^ 






































55 


Sense Reset/CTRL Strobe 


































^ 














































56 


Prevent ALU and SU Check 


BA103 
















































































57 


I/O Bus to FDR 




















"Bits 0-7' 






Bits 8-15 






| Bits 0-7 






Bits 8-15 






































ATfiM 




AT8MHH 




58 


Skip Cycle to 3/End Op Cy 


del 

KA402/403 

KA411 
RA301 
KA411 
















































































59 


Skip Cycle 3 to 3 


\ 
































— J Drops when end op FL turns on 










































60 


Decrement Carry 


4-Cycle 


control AL 




























■aaaEiHsniiaBjB 














































61 


End Op Latch 


c 












































































62 


Skip Cycle 3 to Cycle 1 


J 
















































































63 
































i 


\ 




voted wher 


end op Fl 












































64 
















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 












































■ 
















p 






















68 


Set Process Check 


CC122 














^^A^ 




Any chk 












LSA^od 




^nyhj^ 












^^^od 




Any chk 












^^A 








Note: The low-order ALU by 


e (SENS byte) is not checked. 


69 


Set LSA Check 


CC221 


A 




V777Z7777Z 








■Ml 








y////////m 




Y?;;/;/;;//; 












V7S7777ZV?. 






PyW/W/V/J 


























INH check occurs if the byte is incorrect 


70 


Set Mod Check 


CC101 


























W////////A 






wmm 


















































71 


Set SU Check 


CC102 


/ 






















r 


ATflMB 
















0- 

AT8MH 


^^ 














0-7 






















72 


Set ALU Check 


/ Any check 
















Prevent 


or CPU SE 






























































73 


Set Bus Check 
























) 
















select = 














































k 




bits 0-7 or sense bits 8-1 5 even or double 


JV/Z/V/V/W 




74 


Set SAR Check 


CC101 




























l 777?777;/77/ 












































75 


Set Inh Check 


) 




























L-J 1 


























Cycle of next microinstruction 













Function signals: ACycle g£21 Cycle | 



"Do not care" signals: ACycle I I Cycle 



• Diagram 5-69. SENS I/O (ALC) (Part 2 of 2) (03774A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



Microinstruction Layout 



The low-order byte in 'to reg' is 
set onto the DATA BUS. The 
SENS/CTRL address (low -order byte 
of the instruction) is set on the 
address bus and selects the circuit 
group (in CPU or attachment) 
which shall be controlled accord- 
ing to the CTRL data on the data 
bus. The 'to reg' remains unchanged. 



The returning address and data 
bus are set into FDR for display (E-S = 
returning SENS/CTRL addr, T-R returning 
Ctrl data) if the CPU stops after the 
instruction. 

The data bus output is displayed in 
U-L. 



Instruction | Op )Code| 2 ] | 
1 



SENS/CTRL address to attachment -► Selects c 



j 1 | 2 | 3 


4 | 5 | 6 | 7 


8 i_| 9 | 10 | 11 | 12 1 13_j 14j 15 


Op Code 


To Reg 


SENS/Ctrl Addr 


F 


° 1 





LS reg 4 | A , B | , 1 

remains unchanged ~ 









Ctrl bits 








o 








J 








■ 


I 


Setrd 
end req 


Set reset 
pri FL 
on = set 


Reset 
all rd 
ex FL's 


Set reset 
icrFL 
on = set 


Set col 
binFL 


Reset col 
binFL 


2520/60 
set rd 
exFL 


2501 
set rd 
exFL 



INST 
F420 



~ Direct addressing 



MNEM OPERANDS STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 

CTRL 4,X»20 1 CONTROL 20/R4. 8-15 



Type 



Direct 
Addressing 



A Cycle 




T7 T8 Tl 



T2 T3 T4 T5 T6 T7 



T6 T7 T8 Tl T2 T3 T4 T5 T6 T7 T8 Tl 



CORE STORAGE - 



Read out and 
regenerate micro 
instruction 



._L 



,F 4,2 0, 



Op Reg 



TDR 

A B 1 



Addr bus Q 



Data bus |__ __ ___ __ __ 



A B 1 



> I Mill 

A B 1 



H'1»H 



4 



Tdr I 

2 °J I. 



Z£7 



E 


S 


T . 


n 


2 


1 


| True | 


2 


1 


1 


k 

AT8 




• FDR 

|2 | 1 





/»/ 



M 



I 



To Reg 

A B.O 1 



|CTRL strobe) 



! IAR \- 

Li _p I ° 2 J 



[mar I 

i +2 h 

|8 0»0 2j | 



\ Sense reset] (Clear data bus) 



,SAR , 

L 8 —°JL°— 2 J 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

^Diagram 5^70. Control J/O (Direct Addressing) (Part \ of 2) (03775 A) _2020> 50,300 FEMDM Vol 2 (8/69) 





No 


Name 


ALD 


^«««^r T£d i wnte i *- - i ■ i ■ h — — — r — - — : ■ r 1 1 1 




W///////A , _ A Cycle | | | ( f 1 , L, 1 




^^^^^?^^^^^^^^^^^^^ 


Cycle 


































16 


1/ 


IS 


Tl 


12 


\i 


14 


15 


16 


1/ 


l« 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 




1 


Sense Trap Request Lines 


LAI 03 




















































































2 


LS New PL Zone Gate 


KA511 




















































































//////////// 


////////////i 




■ - 






3 


LS Current PL Zone Gate 


5 
























■r 


























































4 


New/Current PL 


£\^SW> 


Nev 


//current P 


L's may di 


Ffer 


^VVWVV^ 






k\\\\\\\VSSK 


\\\\\\\\\\SN 


kwwwwwv 


\\\\\\\\\\\^ 


\\\\\\\\\\^ 


























































5 


CE LS Select 


CC222 




















































































6 
























































































7 


Fixed X-Address 


LA412 






7 


7 






7 


7 




































































WM/MM 


tf/MMM 








8 


'To Reg' Select 


LA402 


























































































9 


'From Reg' Select 


LA411 




















































































10 


LS to SAR 


KB4U 




















































































WMfflM 




11 


LS to MAR 




















































































v/?///;;;/z> 




12 


LS to FDR 


KB401 




















































































■ 




13 


LS to TDR 




















































































14 


MAR to LS 


LA702-71 2 


t 


















































































) 








■ 








■ 






15 


Set ALU (I/O Bus) to LS 






















































































■ 


■ 




16 


LS Write 


LA302/313 




















































































17 
























































































18 


Set Address Check 


RA501 




















































































19 


Branch Go 


RA502 




















































































20 


Increment by 1 


RA402 




















































































21 


Increment by 2 


RA403 


$ 




>/?■/;;;;/;//, 


T///77777777, 


V///////M 


y777777777// 








































































22 


Decrement bv 1 


RA401 




















































































23 


Decrement by 2 


RA402 




















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








WMMMs. 


M//MM, 


77777777777?. 








































































25 
























































































26 


Prevent Storage Use 


MA402 




















































































27 


SDR to Inh 


MA401 




















0-15 to 0-15 






























































28 


SDR to Op Reg 


KB102 




















































































29 
























































































30 


SDR to TDR 


KB402 


























































































31 


Eight Shift Control 


RBI 62 








. Unde 













Not shift 8 






























































32 


Shift by 2 or 4 


RB161 




















































































33 


No Shift 


RBI 62 




















0-15 
















































































34 


Test Packed Byte or Sign 


RA502 




















































































35 


Normalize Sign Active 




















































































36 


Suppress 


RB171 




















































































37 
























































































38 


ALU to FDR 


AA303 




















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB41 1 




















































































40 


Invert Switch Control 


RB301 




















True 0-15= /true/ 






























































41 
























































































42 


ALU Control Gate 


AA301 






















OE 






























































43 


Additional Carry 


AA302 




















































































44 


Six Correction 8-11/12-15 




















































































45 


Set Carry Latch 


AA402 




















































































46 


Set Condition Code Latches 




















































































47 


ALU to Inh 


MA401 




















































































48 


ALU to SAR 


KB411 




















































































49 
























































































50 


Data Switch to Op Reg 


KB402 




















































































51 


Op Req to Address Bus 


KA541 


( 1 


















































































52 


I/O Display Address Out 




















































































53 


Allow Strobe 




















































































54 


SENS Strobe/Control Strobe 


BA102 




(Displ SENS strobe) 














































































55 


Sense Reset/CTRL Strobe 


















jense rese 








AT8& 


trobe 
























































56 


Prevent ALU and SU Check 


BA103 




















































































57 


I/O Bus to FDR 




















BjtsCW 






AT8fi 


i-15 
























































58 
























































































59 






















































































60 






















































































61 






















































































62 






















































































63 






















































































64 






















































































65 






















































































66 






















































































67 


Set ALU Test Latch 


CC121 
























































































68 


Set Process Check 


CC122 














LSA 




^yj^ 












L£A^ 






















































69 


Set LSA Check 


CC221 


\ 




>»»»/»», 


WS/MMJ. 












































































70 


Set Mod Check 


CC101 


] 


















































































71 


Set SU Check 


CC102 


1 
























AT8HH 
























































1 


72 


Set ALU Check 


\ Any check 
















































































73 


Set Bus Check 






























MB Ifs 


jm bits 0-7 or sense b 


its 8-15 even 
















































74 


Set SAR Check 


CC101 




































| 
















































75 


Set Inh Check 


i~ 






























Cycle of next microinstruction 













































Function signals: A Cycle E2I Cycle | 



"Do not care" signals: ACycle I I Cycle 



• Diagram 5-70. Control I/O (Direct Addressing) (Part 2 of 2) (03775A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



Microinstruction Layout 



Instruction [" Op |Code| 2 ,' | 

1 SENS/CTRL address to attachment - 



720/ 






, 1, 


3 


4 


5 1. 


7 


8 


» 


.10 | 11 | 12 | 13 


,4 


15 


Op Code 


To Reg 


SENS/Ctrl Addr 


F 


' 1 





The byte addressed by the 'to reg' 
is set onto the data bus. The SENS/ 
CTRL address (low -order byte of the 
instruction) is set on the address bus 
and selects the circuit group (in CPU 
or attachment) which shall be con- 
trolled according to the CTRL data on 
the data bus. The 'to' byte remains 
unchanged. The 'to' address is 
incremented by 1 . 



The returning address and data bus 
are set into FDR for display (E-S = 
returning SENS/CTRL addr, T-R return- 
ing CTRL data) if the CPU stops after 
the instruction. 

The data bus output is displayed 
in U-L. 



LS reg 4 | 3 ' 2 | 1 ' | Re mains unchan ged 

before execution ' -i - -Read out byte-V j ,' 1 | 



T*£HT 



ZZ] 



LS reg 4 { 3 [ 2 | 1 \ 1 
after execution 



Set rd 
end req 



Set reset 
pri FL 
on = set 



Reset 
all rd 



Set reset 
ICRFL 



Reset col 
binFL 



2520/60 
set rd 



2501 
set rd 



INST 
FC20 



" Indirect addressing 



MNEM OPERANDS STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 

CTRL, 4I,X*20» CONTROL 20/BY(R4,+l) 



I/O 



Indirect 
Addressing 




A Cycle 2 



T5 T6 



T2 T3 



T5 T6 T7 T8 



CORE STORAGE - 



1 *™ 1 



T4 T5 T6 T7 T8 Tl T2 T3 T4 T5 T6 T7 T8 Tl 



Read out and 
regenerate mic 
instruction 



Read out and 
regenerate 
'to operand' 



| SDR |_ 

L F _5x 2 _£j 



Op Reg 

F C ,2 



TDR 

1 , A 



X 




z 



A B 1 



I I IN 



A 


B 





1 


v 


P 


1 


U 


L 



E S T R 

it 



2 


1 


| True | 


2 


1 



r^ *• 



/20/ 



k 



FDR 
2 0, 



JZ 



' FDR 

| 2 , 1 



720/ 



/oi/ 



I 



a u ,u 



._*_ 



| MAR 



r-- 1— . 

. SAR i 





IAR 
8 


4 




i 


k 









I Sense reset 



(NSI) 



(LS reg 4) 

, , , , 

I To Reg ' i To Reg I 



I MAR 



3 2,1 



J f L-?L_J 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

Diagram 5-71 . Control I/O (Indirect Addressing) (Part 1 of 2) (03776A) 2020 > 50,000 FEMDM Vol 2 (8/69) 



No 


Name 


•mmmmmmm Rea d i mre |— ra ; — i w^ |— r^ ; r — " 1 1 r ■ 


ALD 


M^«»^^^«^«^^«M^ 


Cycle 


, 1 . 

Cycle 2 


j- 1 


" 




T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate. 


KA511 






W/AMM', 


VW/AWAVk 














TTT/M/M 




























































3 


LS Current PL Zone Gate 


f 


























■ 




HI 


















































4 


New/Current PL 


ftwW 


New 


/current P 


's may dif 


\\\^\\\\v*d 


■KMMKKM 


































































5 


CE LS Select 


CC222 
















































































6 






















































































7 


Fixed X- Address 


LA412 






7 


7 






7 


7 












1 




1 


















































wwwm 


»M»A*M 


■ 






■ 


8 


'To Reg 1 Select 


LA402 




















\— 


V/AA/AAAAAA 




w/w/v> 
























































9 


'From Reg' Select 


LA411 


















































































10 


LS to SAR 


KB411 


















































































tMMMtt 


WWW/. 


11 


LS to MAR 








Y#wm 














WS»»»». 




























































12 


LS to FDR 


KB401 




















































































13 


LS to TDR 


















































































14 


MAR to LS 


LA702-712 


£ 












h 1 ™ 










■ 


W//SAVA/A 




— 




















































15 


Set ALU (I/O Bus) to LS 




























■i 










■1 












































16 


LS Write 


LA302/313 


















































































VMMWM 


17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































21 


Increment by 2 


RA403 


<— 


V777-/7777TA 


>7777//AV7?X 


/777//;/ssA 


//77A7////A 


777//SAA/S/\ 
































■ 






































11 


Decrement bv 1 


RA401 










































— — — — i 








































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 








//»»»»/, 


WSSM/SA 








































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Inh 


MA401 




















0-15 


o0-15 














0-15 


to 0-15 












































28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 




















































































31 


Eight Shift Control 


RBI 62 






f 


Unde 


ined 












Not shift 8 












Not 


shift 8 if SAR 15; cross shift if no SAR 15 








































32 


Shift by 2 or 4 


RBI 61 


















































































33 


No Shift 


RBI 62 




















0- 


15 














0-15 












































34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RBI 71 


















































































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 


















































































40 


Invert Switch Control 


RB301 




















True 0-15= /true/ 














True 0-15= /true/ 












































41 






















































































42 


ALU Control Gate 


AA301 






















OE 














OE 














































43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 


















































































47 


ALU to Inh 


MA401 


















































































48 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 


Op Reg to Address Bus 


KA541 


s — 
















































































52 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 


(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 
















Sense rese 














Sense rese 








Ctrl strobe 

AT8 iSSSSJBMB 






































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 




































BiM^ 






BUs 


i-15 






































58 






















































































59 




















































































60 




















































































61 




















































































62 




















































































63 




















































































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Lord* 


CC121 














































/ 








































68 


Set Process Check 


CC122 














LSA 




Any chk 












LSA/Mod 




Any chk 










/ 


LSA 




































69 


Set LSA Check 


CC221 


\ 




WAVAV/AV 
















VJ/ASMM\ 






yAA/AAAA/AA/ 






















































70 


Set Mod Check 


CC101 


1 




















































































vaamsa/a/. 


71 


Set SU Check 


CC102 


























AT8HH 
















AT8JBH 








































72 


Set ALU Check 


>Any check 














































































73 


Set Bus Check 














































^ m If sum bits 0-7 or sense bits 8-15 even 






























74 


Set SAR Check 


CC101 




















































1 






























75 


Set Inh Check 


J 














































Cycle of next microinstruction 



























Function signals: ACycle E23 Cycle | 



"Do not care" signals: ACycle CZ3 Cycle 



• Diagram 5-71 . Control I/O (Indirect Addressing) (Part 2 of 2) (03776A) 2020 > 50,000 FEMDM Vol 2 (8/69) 



A Cycle 




The indirect addressed Ctrl 
(see Diagram 5-71) is executed 
in ALC mode when the 'to reg' 
field contains /7/(lll). LS 
register 1 contains the field 
length (real number of bytes, to 
be transferred to the addressed 
circuit group, reduced by 1). 

LS register 6 contains the 
address of the first CTRL data 
byte. The field length and the 
CTRL data address is updated 



every time a byte is transferred. 
The field length is decremented 
by 1 , and the CTRL data address 
is incremented by 1 . 

The CTRL ALC is used for high 
speed transfer of a string of 
bytes (one byte within 2 micro- 
seconds) to a single circuit 
group (eg. print buffer). 









Microinstruction 


.ayout 









1 1 1 2 | 3 


4 


1 5 1 6 1 7 


8 


9 1 10 1 11 1 12 I 13 


14 


15 


Op Code 


To Reg 


SENS/Ctrl Addr 


F 


1 1 1 1 1 1 1 





INST 
FF44 



MNEM OPERANDS 
CTRL 7I,X«44» 



STATEMENTS ACCORDING TO STANDARD CEB 0-1046-XXX 
CONTROL 44/BY(R6, +1 , UNTIL Rl , LT, 0) 



A Cycle 2 




„ Repeat A Cycle 2 No / ALC \yes . A _ . . n _ . . 

< ' -^ < end op y>~^ ► A Cycle 1 - A Cycle 



Type 



A Cycle 1 



T6 T7 T8 Tl 



Cycle 



T2 T3 T4 15 



17 T8 



Cycle 2 




CORE STORAGE - 



Read out and 
regenerate mic 



r-t— . 



|_ F _F_l 4_ _4 J 



Op Reg 

F F ,4 4 



Addr bus £"__7_J[ 

Data bus , 



--r-XZ. 



|_8_ o, q_ 2.J 



rsAR - 1 



Read out and 
regenerate halfword 
address ed b y LS r eg 6 



|_0_ J j_A_ _B J 



TDR 

1, A 



X 




A B 1 



A B 1 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 



AV 



k 



FDR 
4 4| 



JL 



1 FDR 
. I 4 4 iQ 1 



744/ 



701/ 



i 



i LS Reg 6 



, LS Reg 6 j 



| Sense reset | 



| CTRL strobe | 



-I-.-r- 



-I — 



CLJ±'-°. 



LS Reg 1 



L_0_^ f 8_ 4J 



T 



.__*_ 



Decrement carry 
forces end op ALC 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

Diagram 5-72. Control I/O (ALC) (Part 1 of 2) (03777A) 2020 > 50,000 FEMDM Vol 2 (8/69) 



No 


Name 


ALD 


W//mm////M/////////M Read | 


Write | 


' 1 Write IM«^^^ f ' - T " " * f 


w////M-^ 


1 


A Cycle 2 | A Cycle 1 | f~ 


WMmMWWWWWWWW/mmmm. 


Cycle 


Cycle 2 j 


Cycel 








T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


13 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 




















































































2 


LS New PL Zone Gate 


KA511 






















































































■ 


W/AM//M 


■ 


■ , 


■ 




■ j 






3 


LS Current PL Zone Gate 


















































































s 








■ 






'///////////, 


W/M/M, 










y////////A/. 












4 


New/Current PL 




New/current PL's may differ 


WVvSSSS^ 






















wwvvvw^l 


sV\VV\\\V\Vv4\VVV\VV\\W 










































5 


CE LS Select 


CC222 




































qual PL' and 'allow PL' switching forces 
cle 0/Cycle as the next processing peri 








































6 






































AC) 


Dd 






































7 


Fixed X-Address 


LA412 






7 


7 






7 


7 






6 




6 


1 




^^^^ 






6 




6 


7 




7 






































■ 


■ 


AWAVAV/, 


'//////////A 


'/////////// 








8 


'To Reg' Select 


LA402 


















































































■ 


■ 


9 


'From Reg' Select 


LA411 


















































































10 


LS to SAR 


KB4U 


















































































VZV//MM 


'//////////A 




11 


LS to MAR 




















































































■>///////////, 


VAUWSM 




WM///M, 


12 


LS to FDR 


KB401 




















































































13 


LS to TDR 


















































































14 


MAR to LS 


LA702-712 


















































































\ 


















WW/;;;/. 






















H 




15 


Set ALU (I/O Bus) to LS 




















































































■ 






■ 


P 


W) 


16 


LS Write 


LA302/313 


















































































WMSWM 


17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































71 




RA403 












































1 






































22 


Decrement by 1 


RA401 


) 
















































































23 


Decrement by 2 


RA402 


















































































24 


Prevent Mod-SAR-lnh Check 


KA511 












777ZT77/77z\ 






























If unequal PL 






































25 






















































































26 


Prevent Storage Use 


MA402 






































■'//////7///A '///////////A 


'////////////. 






































27 


SDR to Inh 


MA401 




















0-15 to 0-15 














0-15 to 0-15 














0-15 to 0-15 




























28 


SDR to Op Reg 


KB102 


















































































29 






















































































30 


SDR to TDR 


KB402 




















































































■_ ,., , 


31 


Eight Shift Control 


RBI 62 








Unde 


fined _ 










Nots 


hift 8 












Not shi 


ft 8 if SAR 15: cross shift if no 


BAR 15 






(Reflects the 8-shift condition of the last ALC cycle 2) 
























32 


Shift by 2 or 4 


RBI 61 


















































































33 


No Shift 


RBI 62 




















0-15 














0-15 














0-15 












































P 
































34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RB171 


















































































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 


















































































40 


Invert Switch Control 


RB301 




















True 0-15= /true/ 














True 0-15 = /true/ 














True 0-15 = /true/ 




























41 






















































































4? 


ALU Control Gate 


AA301 






















OE 
















OE 
















OE 




























43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 




















































































47 


ALU to Inh 


MA401 


















































































48 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 




KA541 


\ 1 
















































































52 


I/O Display Address Out 




















Prf>v« 






ycle 2 (AL 
























































53 


Allow Strobe 














































































1 


— 


1 





1 — " 


54 


SENS Strobe/Control Strobe 


BA102 


(Displ SENS strobe) 












































































55 


Sense Reset/CTRL Strobe 
















^nsei^se 


t 














jensej^se 








Ctrl 

AT8HB 


trjbj 






































56 


Prevent ALU and SU Check 


BA103 
















































































57 


I/O Bus to FDR 




































Ku^7 






Bits 


5-15 






































58 


Skip Cy to 2/End Op Cy 1 


KA402/403 


















































































59 


Skip Cycle 2 to 2 


KA411 


\ 






























. 


"Drops wh 


sn end op 


L turns on 












































60 


Decrement Carry 


RA301 




ycle c 


ontrol ALC 


























If field length below zero 
















































61 


End Op Latch 


KA411 


f 














































































62 


Skip Cycle 2 to Cycle 1 


J 
















































































63 


































i 


i 


-Turns on when end op FL acti 












































64 




















































































65 




















































































66 




















































































67 


Set ALU Test Latch 


CC121 




























m -.- 
















m 






































68 


Set Process Check 


CC122 














^HMH 




An / chk 












LSA/Mod 




Any chk 












LSA/Mod 




Any chk 












LSA 






















Set LSA Check 




\ 
























•??;;;;;?;/;; 


V/////////A 










VM/MM, 






W^M 










































CC101 


-\ 


















































































71 


Set SU Check 


CC102 




























ATS — 
























































AT8HM 




A 


7? 


Set ALU Check 


^ Any check 














































































73 


Set Bus Check 














































lr 


m bits 0-7 or sense bi 


•s 8-15 even 
































■■miLih. 


I ... ._ 






CC101 




























y77777Z>777? 
















'//////////// 






































75 


Set Inh Check 


.2Z 




























































Cycle of next microinstruction 















Function signals: ACycle V777X Cycle | 



"Do not care" signals: ACycle I I Cycle | 



> Diagram 5-72. Control I/O (ALC) (Part 2 of 2) (03777A) 2020 > 50,000 FEMDM Vol 2 (8/69) 




Due to the complexity of the operation and the 
limited space available on this page, refer to 
Chapter 6, Field Engineering Theory of Operation, 
2020 Processing Unit, System/360 Model 20 
(Machines with serial no. 50,000 and above) , 
Form Y33-1021, for description. 



Type 



CORE STORAGE - 








Address switches (customer) 



/0 9 C/ 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 



LS Reg 
| 9 C 



Read out and 
regenerate halfword 
addressed by LS reg 



r LS Reg " 1 



l_°_°J_ 9 _ C J 



L°_ 


-f 


_ C 1 1 


1 
Har 


"I 


L°. 


_0j_9_ 


1 



T 



r 



.i_ 



L A_ A_ B_B J 



TDR 
A A 




X 



Suppress 



A A 

"XT 



A A 



PI U L 



9 C 



FDR 

0| 9 C 



LS Reg 
9 D 



i » ("Do not care" for display) 



Stop FL 




Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals? 
ACycle I I 

Cycle 



Diagram 5-73. Storage Display/Scan (Pari 1 of 2) , (03778) 2020 > 50,000 FEMDM Vol 2 (8/69) 



T3 T4 T5 T6 T7 T8 Tl 



T2 T3 T4 T5 T6 17 T8 Tl T2 T3 I T4 I T5 I T6 I T7 | T8 Tl 



Read 
A Cycle 3 " 



J2 T3 T4 T5 



Tl T2 T3 T4 T5 T6 T7 T8 



Cycle 3 



Sense Trap Request Lines 



LS New PL Zone Gate 



LS Current PL Zone Gate 



New/Current PL 



New 



17 Forced by MANOP 



current PL's identical 



*_ 



Fixed X- Address 



'To Reg' Select 



'From Reg' Select 



LS to SAR 



Set ALU (I/O Bus) to LS 



LA302/31 3 



Set Address Check 



Increment by 1 



Increment by 2 



Decrement by 1 



Prevent Mod-SAR-lnh Check 



/<Y<y l w>r< 'mm/mm 7/mm/m 



Prevent Storage Use 



S//////////A '//////////A 



V//M///M 7777 7777777? 



0-7 to 0-7 if SAR 15; 8-15 to 8-15 if no SAR 15 



0-15 to 0-15 



SDR to Op Reg 



— ^SAR chanc 



Eight Shift Control 



Shift by 2 or 4 



Test Packed Byte or Sign 



Normalize Sign Active 



iyeeres 



ALU to FDR 



AA303 



Reset FDR/Retain FDR 0-7 



AA303/KB41 1 



Invert Switch Control 



RB301 



FDR true 0-15 



ALU Control Gate 



Additional Carry 



Six Correction 8-1 1/12-15 



Set Carry Latch 



n Code Latches 



8-15 to 8-15 if SAR bit 15; 8-15 to 0-7 if no SAR bit 15 



SAR changes at T5 



Data Switch to Op Reg 



Op Reg to Address Bus 



I/O Display Address Out 



Allow Strobe 



SENS Strobe/Control Strobe 



(Displ SENS strobes) 



Sense Reset/CTRL Strobe 



Prevent ALU and SU Check 



I/O Bus to FDR 



Storage Scan/Fill 



Storage Scan/Display 



Storage or LS Reg Alter/Displ 



MANOP In Bus to FDR 



MANOP Suppress 



MANOP SENS 



Set ALU Test Latch 



Set Process Check 



V//M/MMV77777777m 



Set Mod Check 



Set ALU Check 



Set Bus Check 



74 Set SAR Check 



Any check 



Ixh off or any check 



Any chk 



Y//////////A. 



Any chk 



Function signals: ACycle V777X Cycle 



signals: ACycle I I Cycle 



• Diagram 5-73. Storage Display/Scan (Part 2 of 2) 



(03778A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



Repeat Acycle 1 - Acycle 2 - Acycle 3 No^Fill^O'es 




Due to the complexity of the operation and the 
limited space available on this page, refer to 
Chapter 6, Field Engineering Theory of Operation, 
2020 Processing Unit, System/360 Model 2 
(Machines with serial no. 50,000 and above), 
Form Y33-1021, for description. 



CORE STORAGE ' 



1H -4i1H 






Address switches (customer) 



/0 



Read out halfword 
addresse d by LS r e g 0_ 



LS Reg 
0| 9 C 



LS reg I 
I 



Store halfword 
addressed by LS reg 



1 SDR ' 

I I 

[_]_2 J3_4 J 



Not if CE mod( 




(Regenerate) 








I 1 

H AC | 
I I 



L°_ | 9 - C _l 



Tmar T" 

L 0_0,9_CJ_ 

Tsm "1 

[_0_0j_9_C_| 

T 

SARI 5 



Read out and 
regenerate halfword 
addressed by LS reg 



r 



SDR ' 



_ F _ E ± 3 _ 4 J 




E S T R 



9 C 

I True ~| 

9 C 



FDR 

9 C 



it ("Do not Care" for alter) 



(Fill end op) 



Stop FL^ 




Note: For "Do not care" functions 
refer to timing chart below. 



"Do not care" signals: 



ACycle [ 
Cycle 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 



Diagram 5-74. Storage Alter/Fill (Part f of 2) $3779) 2020 > 50,000 FEMDM Vol 2 (8/69) 



No 


Name 


ALD 


7////////////^ Read ! * Write* | Read | Write W///////////////^^^^^^^ 




^^^^^^^^^^^^^^^^^^ 


Cycle 


Cycle 1 


Cycle 2 


Cycle 3 




T3 


T4 


T5 


T6 


T7 


T8 


n 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 




















































































2 


LS New PL Zone Gate 


KA511 


















































































3 


LS Current PL Zone Gate 




















































































4 


New/Current PL 




. 


New PL7 forced by MANOP 






New and current PL's identical 




























































5 


CE LS Select 


CC222 














































































6 






















































































7 


Fixed X-Address 


LA412 






7 


7 






7 


7 





















■r " 

























































8 


'To Reg' Select 


LA402 


















































































9 


'From Reg' Select 


LA411 


















































































10 


LS to SAR 


KB4U 






















































































W//////M 


M//W//A 


11 


LS to MAR 






















































































>/;;/;;;;;/;, 


W/W////A 


12 


LS to FDR 


KB401 




















































































13 


LS to TDR 
















































































14 


MAR to LS 


LA702-712 


\ 
















































































15 


Set ALU (I/O Bus) to LS 






















































































■ 




■ 


■ 


■ 






16 


LS Write 


LA302/313 


















































































17 






















































































18 


Set Address Check 


RA501 


. . 














































































W//////S/}. 


'/////////// 


19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































21 


Increment by 2 


RA403 


, 
















































































p~ :„: 


























■ 
















■ 






22 


Decrement by 1 


RA401 


















































































23 


Decrement bv 2 


RA402 


























































































24 


Prevent Mod-SAR-lnh Check 


KA511 












'MMWSfr 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































77 


SDR to Inh 


MA401 
















































0- 


7 to 0-7 i 


SAR 15; 8 


-15 to 8-15 if no SAR 15 










0-15 to 0-15 












28 


SDR to Op Reg 


KB102 






















































^ SAR changes 




























29 






















































































30 


SDR to TDR 


KB402 


















































































■ 






31 


Eight Shift Control 


RBI 62 
































































Cross s 


hift if SAR 


Bit 15 off 












32 


Shift by 2 or 4 


RBI 61 


















































































33 


No Shift 


RBI 62 




































































8-15 












34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 




RBI 71 




















0-15 

















-15 














0-15 














0-7 












37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB41 1 


















































































40 


Invert Switch Control 


RB301 




















FDR true 0-15 














FDR true 0-15 














FDR true 0-15 














FDR true 0-15 












41 






















































































4? 


ALU Control Gate 


AA301 






















OE 
















OE 
















OE 
















OE 












43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 




















































































47 


ALU to Inh 


MA401 


















































8-15 to 


8-15 if SAR 15; 8-15 to 0-7 if 


no SAR 15 
























48 


ALU to SAR 


KB411 






















































^SAR changes at T5 
























49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































51 




KA541 


















































































5? 


I/O Display Address Out 




















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 


(Displ SENS strobes) 


















■ 


























































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 




















CPU 


SENS 














CPU SENS 












































57 


I/O Bus to FDR 






















0-15 














■_■■—] 0-1 5 












































58 








































1 












































59 


MANOP 


KA53J/532 




































m^mLa^mm 


















































































^^^^^^^ 












































61 


Storage Scan/Fill 




































■"■J™" 1 












































6? 


Storage or LS Reg Alter Displ 




































™J^ 












































63 


MANOP In Bus to FDR 




































MmXhIIH 












































64 


MANOP Suppress 




















0- 


15 














0-15 














0-15 














C-7 












65 


MANOP SENS 


BA101 




















SENS /14/ 














SENS/13/ 












































66 








































^^^\ 












































67 


Set ALU Test Latch 


CC121 




































J 






































■ 






68 


Set Process Check 


CC122 














LSA 
















LSA/Mod 




w;;;/w/A 


f ALU test latch off or any check 




LWMod 




MM/////, 












LSA/Mod 




W/////M 
















69 


Set LSA Check 


CC221 






































y/s/s/wA 














W/7?WW 




























70 


Set Mod Check 


CC101 


















































































71 


Set SU Check 


CC102 










































































AT8h 


5^ 






72 


Set ALU Check 


















































































73 


Set Bus Check 


















































































74 


Set SAR Check 


CC101 


























Y7Z>;;///;/A 
















v/ww/tz 
















^y«a 
























75 


Set Inh Check 



















































































Function signals: ACycle V777X Cycle | 



"Do not core" signals: ACycle I I Cycle | 



• Diagram 5-74. Storage Alter/Fill (Part 2 of 2) (03779A) 2020 > 50,000 FEMDM Vol 2 (8/69) 



Due to the complexity of the operation and the 
limited space available on this page, refer to 
Chapter 6, Field Engineering Theory of Operation, 
2020 Processing Unit, System/360 Model 20 
(Machines with serial no 50,000 and above) , 
Form Y33-1021, for description. 




Tl T2 T3 T4 T5 T6 T7 T8 Tl T2 



T4 I 15 T6 J 17 T8 Tl T2 T3 T4 T5 T6 T7 T8 Tl T2 T3 T4 T5 



T6 T7 T8 Tl 



T2 T3 T4 T5 



T6 \ 17 T8 Tl 



CORE STORAGE - 



Zone Register 


* 




Op Reg 

0| 3 7 





TDR 
A B CD 



— | 'From reg' decode 7 ^ 



Force select LS Y 3 



> 



A B C D 

I I I II II 

A B C D 



From Reg 
A B | C D 



CPU stop 



A B j C D/ 



«E 



r "t- t t i 

L E 1 S ± T 1 R J 

Display of addr sw's 
("Do not care") 



P 

i 

I 
P 

I 



I 
I 

I 

i 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle 1 I 

Cycle 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

\ Diagram 5-75. Local Store Display (Pari 1 of 2) "(03780A) 2020 > 50,000 FEMDM Vol 2 (8/69) 



No 


^Br ^P*"-] 

Name 


ALD 


W///////M/MM//^^ 


^^M««»#»«^^^^w 


^/////^ 




A Cycle 3 ^ 


^^^^^^^^^M^^»^^^ 


WMMW/MmMMmMmmMm, 


Cycle 


Cycle 1 


Cycle 2 


Cycle 3 


W/W///W////////;, 


T3 


T4 


T5 


T6 


17 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 




















































































2 


LS New PL Zone Gate 


KA511 


















































































3 


LS Current PL Zone Gate 


















































































4 


New/Current PL 






















LS zone selected according to setting of data switch 1 


















































5 


CE LS Select 


CC222 
















































































^ 


6 






















































































7 


Fixed X- Address 


LA412 






7 


7 






7 


7 








































































■ 


8 


'To Reg' Select 


LA402 


















































































9 


'From Reg' Select 


LA4U 






















From reg se 


ected according to setting of data switch 2 
















































'//////////A 


W/W///M 


'7?7//////7Z/„ 


'//////////>//. 


V//////////. 


■////////////, 


'////////////. 


'///////////, 


///////////A 


////////////. 


■//////////// 


////////////, 


W///AWM 


y//////////A ■//////////// 


W/////AW/. 


VAWAWM 


'W////////A 


V///////S/// •///////;///; '//////////; 


'W////AV//. W////////A V///////A7V. 


10 


LS to SAR 


KB411 


























































































11 


LS to MAR 
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27 


SDR to Inh 


MA401 




















0-15 to 0-15 














0-15 to 0-15 














0-15 to 0-15 
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■ 
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LSA/Mod 




Any chk 
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Function signals: ACycle t^l Cycle 



"Do not care" signals: ACycle I I Cycle 



• Diagram 5-75. Local Store Display (Part 2 of 2) 



(03780A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



Due to the complexity of the operation and the 
limited space available on this page, refer to 
Chapter 6, Field Engineering Theory of Operation, 
2020 Processing Unit, System/360 Model 20 
(Machines with serial no. 50,000 and above). 
Form Y33-1021, for description. 
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Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted I in 
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T4 
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T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 
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3 
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4 
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5 


CE LS Select 
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7 
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7 
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8 
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9 
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////////////. 
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'///////////. 
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////////////, 
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W/////////. 
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■//////////// 
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11 
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12 


LS to FDR 


KB401 


















































































m 


13 
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14 
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■ 
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Set ALU (I/O Bus) to LS 




























































































■ 


■ 


■ 


■ 


16 


LS Write 
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18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


































































































21 


Increment by 2 


RA403 
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■ 






22 


Decrement by 1 
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23 


Decrement by 2 


RA402 


























































































?4 
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?7 


SDR to Inh 


MA401 




















0-15 to 0-15 














0-15 to 0-15 
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?R 


SDR to Op Reg 


KB102 
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30 


SDR to TDR 
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■ 




31 
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hift 8 
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32 


Shift by 2 or 4 
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33 
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34 


Test Packed Byte or Sign 
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35 
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36 


Suppress 
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38 


ALU to FDR 
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39 
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40 
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e0-15 
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4? 


ALU Control Gate 
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C 
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C 
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OE 












43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 
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47 


ALU to Inh 


MA401 


















































































48 


ALU to SAR 
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50 
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51 
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5? 
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53 


Allow Strobe 


















































































54 
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55 
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56 
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57 
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59 
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64 
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0-15 
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MANOP SENS 
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66 
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CC122 
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Function signals: ACycle V77Z\ Cycle | 



"Do not care" signals: ACycle CZD Cyci 



• Diagram 5-76. Local Store Alter (Part 2 of 2) 



(03781 A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



Due to the complexity of the operation and the 
limited space available on this page, refer to 
Chapter 6, Field Engineering Theory of Operati 
2020 Processing Unit, System/360 Model 20 
(Machines with serial no. 50,000 and above), 
Form Y33-1021, for description. 
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Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

• Diagram 5-77. Initial Control Program LoadJPart 1 of 2) (03782A) 2020 > 50,000 FEMDM Vol 2 (8/69) 




Note: For "Do not care" functions 
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SENS Strobe/Control Strobe 


BA102 




























be 


























,be 
















^trobe 








[ Control strobe 


















55 


Sense Reset/CTRL Strobe 


















Reset 








Strc 
















Reset 








Strc 












































56 


Prevent ALU and SU Check 


BA103 




















^^H^ 
























CPU StNS 


















































57 


I/O Bus to FDR 






















0-15 


























0-15 
























0-7 






8- 
atrmmI 


15 


















58 


ICPL Latch 


KA531 
KA541 
KA531/532 


































































































59 


Force Invert 0-7 


































































































60 


MANOP 


































































































61 


MANOP Suppress 


J — 




















0-15 
























0-15 


























0- 


15 














*0- 


15 








62 


MANOP In Bus to FDR 


































































































63 


ICPL-CTRL 


KA542 




















c 


trW/ 
























•Ct 




















































64 


ICPL-SENS 


BA101 










































































vSENS /20/ 






















65 


MANOP SENS 














^^^ 










SENS/14/ 

















1 


*^ 










SENS/15 


/ 














^^ 


































66 






































































































67 


Set ALU Test Latch 


CC121 














































































|p "I 
















■ 


68 


Set Process Check 


CC122 














LSA 




Any chk 




















LSA 
VA*77ZV7777\ 






Anyhk 




















LSA 
VAVAVAVzX 






Any chk 








LSA or Mod 
WWW/A 






Any chk 












69 


Set LSA Check 


CC221 


~\ 




wmavm 


<&4*tf///< 






























































777SAV/A>A\ 


V77///77//A V7/A7//A7, 


















70 


Set Mod Check 


CC101 










































































V77ZW77m, 




















71 


Set SU Check 


CC102 


/ 
































































































72 


Set ALU Check 


V Any check 


PI, 8-15 


— ' 


its P0, 0- 
























































































73 


Set Bus Check 










































































j^mt Sum Bits 0-7 or 


Sense Bits 


8-15 ever 


or Double Select 








74 


Set SAR Check 


CC101 
























































is not checked. INH check occurs if the 














V/////A///A 




^^^ 














75 


Set Inh Check 


J 






















































byte is incorrect 

1 1 
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f-unct 


on signals: ACycle £22 Cyc 


eMI "D 


o not care 


' signals: 


ACycle CZ 


2 Cycle 
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• Diagram 5-77. Initial Control Program Load (Part 2 of 2) (03782A) 2020 > 50,000 FEMDM Vol 2 (8/69) 



Due to the complexity of the operation and the 
limited space available on this page, refer to 
Chapter 6, Field Engineering Theory of Operation, 
2020 Processing Unit, System/360 Model 20 
(Machines with serial no. 50,000 and above), 
Form Y33-1021, for description. 




CORE STORAGE - 



i 



o I o I 



Run 1 = true 



LS Reg 
|0 



Store true or inverted 
address into its own 
posi tion 

W 



Read out and 
regenerate stored 



Run 1 
Run 3 



--n 



i 



I Parity inverted 



FDR 





r s ^ * ~ -i 
i i 

|_0_0_0_0 J 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

Diagram 5-78. Storage Test Run 1 and 3 (Load Runs) (Part 1 of 2) (03783) 2020 > 50,000 FEMDM Vol 2 (8/69) 



•"Is Reg "I 
I I 

l_p _o i o _o j 

I 



Hmar 1 

I +2 

l°_ 4. _ _L_i_ 



r SA r ^ ~ n 
i i 

L J_°l- ±- J 



I 

TsDR I 

I H 

L_J_ ± ± J 



TDR 

I I L 



LS Reg 
2 



— ► Increment carry if /FFFE/+2 (run end) 



Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle 



No 


Name 


ALD 


y//////////W^^^^^^ Read [ Write | Read | Write HMMMMMMMMf^ 


W///M 


1 A .kZ£'e" | •*• ACycle 1 * | ACycle 2 * | f ACycle 3 1 aCvc!* 1 : aCvcU if R„n Fnd 


W/////M 


mmMmM^MMMmmM^, 


Cycle 


Cycle 1 


Cycle 2 


Cycle 3 


Cycle 1, Cycle 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































■ 


2 


LS New PL Zone Gate 


KA511 


















































































3 


LS Current PL Zone Gate 
















































































^^^ 


4 


New/Current PL 




New PL7 force 


d by MANOP 










.New ano 


current PL's identical 
























































5 


CE LS Select 


CC222 














^-^ Or 


ly storage 


test start, 


run 1 






























































6 






















































































7 


Fixed X- Address 


LA412 






7 


7 






7 


, 7 
























^0^ 



V/777/////A 


















'77777777777, 































8 


'To Reg' Select 


LA402 


















































































9 


'From Reg' Select 


LA411 


















































































10 


LS to SAR 


KB411 


















































































11 


LS to MAR 
























































































'W////V/?, 


12 


LS to FDR 


KB401 




















































































13 


LS to TDR 


















































































14 


MAR to LS 


LA702-712 


L 
















































































15 


Set ALU (I/O Bus) to LS 












































































m 1 






16 


LS Write 


LA302/313 


















































































17 






















































































18 


Set Address Check 


RA501 


















































































19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































71 


Increment by 2 


RA403 


L 
















































































22 


Decrement by 1 


RA401 


) 


































■ 






















-^ Increment carry 




















23 


Decrement by 2 


RA402 


























































































24 


Prevent Mod-SAR-lnh Check 


KA511 




} MMW& 


W/V/W 1 / 


mmw 


VWMMA 


777777-//?77> 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Inh 


MA401 








































































0-15 toO- 


5 








28 


SDR to Op Reg 


KB102 




















































































29 






















































































30 


SDR to TDR 


KB402 
















Ur — J 
































■ 
















■ 1 


















31 


Eight Shift Control 


RBI 62 




















Nos 


lift 8 














Nosh 


ft 8 














No shift 


3 














No 


hift 8 












32 


Shift by 2 or 4 


RBI 61 


















































































33 


No Shift 


RBI 62 




































































0- 


15 












34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RB171 




















0- 


15 














0- 


15 














0- 


15 




























37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 


















































































40 


Invert Switch Control 


RB301 


















True and invert 0-15 = /0000/ 










True 0-15 run 1; invert 0-15 run 3 










True 0-15 run 1; invert 0-15 run 3 












FDR true 0-15 












41 






















































































4? 


ALU Control Gate 


AA301 






















OE 
















OE 
















OE 
















OE 












43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-1 1/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 


















































































47 


ALU to Inh 


MA401 




















































0-15 


o0-15 




























48 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 


















































































■■ 


51 




KA541 


















































































5? 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 


(Displ SENS strobes) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 


Manop SENS 


BA101 




















SENS /14/ 




























































■ ,_ 
















59 


MANOP 


KA531/532 


















































































60 


Storage Test 


















































































61 






Only if CE mode sw off 






































































/ 


Storage Fill/Alter not CE Mo 


le 


( 














































































j- 


62 


Manop Suppress 






















0-15 














0-15 














0-15 




























63 


Inhibit FDR True 0-15 






























































^^^ 


f Run 3, store invert, only 














64 


Manop FDR Invert 0-15 






























































'/ 




















65 


Invert Parity Latch 


KA414 






























































> 




















66 


Manop Test ALU Zero 


CC122 
















































































J 


67 


Set ALU Test Latch 


CC121 




























■ 
















— 






























■ 






68 


Set Process Check 


CC122 














LSA 




































































«S9 


Set LSA Check 


CC221 


\ 




















VMWMA 
















V////////M 
















77777//777r/ 




























70 


Set Mod Check 


CC101 


\ 
























yw/MMA 
















W//MM/. 
















>///»»/»/. 
























71 


Set SU Check 


CC102 










































































AT8IIH 








72 


Set ALU Check 


V A 
















































































/ Any ..net.*. 






73 


Set Bus Check 




















































































74 


Set SAR Check 


CC101 




























V//7777/77/A 
















MMMM 
















V7//M//M 
























75 


Set Inh Check 


ZtL 

















































































Function signals: ACycle EZ2 Cycle 



"Do not care" signals: ACycle I I Cycle 



Diagram 5-78. Storage Test Run 1 and 3 (Load Runs) (Part 2 of 2) 



(03783A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 



Due to the complexity of the operation and the 
limited space available on this page, refer to 
Chapter 6, Field Engineering Theory of Operatiot 
2020 Processing Unit, System/360 Model 20 
(Machines with serial no. 50,000 and above), 
Form Y33-1021, for description. 
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LS Reg 
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Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown bv dotted lines. 

Diagram 5-79. Storage Test Run 2 and 4 (Compare Runs) (Part 1 of 2) (03784) 202CL> 50,000 FEMDM Vol 2 (8/69) 



Run 2 - 
Run 4- 
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i_? _?. i_°- _°_j i 
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FDR 
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Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle 1 I 



No 


^ 


ALD 


W/////M///////M^^^^^ Read | T Write , | Read | Write V/////////////M^^^^^ 


W///////X, A Cycle j A Cycle f , A Cycle 2 | A Cycle 3 | A C^rW^XW^^ 


mmmm^MmmmMMMmMM^A 


Cycle 


Cycle 1 


Cycle 2 


Cycle 3 


Cycle 1; Cycle 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


V 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


n T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


Sense Trap Request Lines 


LAI 03 


















































































2 


LS New PL Zone Gate 


KA511 


















































































3 


LS Current PL Zone Gate 












































































^^^ 


4 


New/Current PL 






New and current PL7 force 


d by MAN 
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. 


5 


CE LS Select 


CC222 


















































































6 






















































































7 


Fixed X-Address 


LA412 






7 
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7 
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r///ZV77Z?7. 









_^L_ 





















8 


'To Reg' Select 


LA402 


















































































9 


'From Reg' Select 


LA411 


















































































10 


LS to SAR 


KB411 






















































































Y/////////A 


'///////////, 


11 


LS to MAR 






















































































WMYMM 


VAMW/A 


12 


LS to FDR 


KB401 




















































































13 


LS to TDR 


















































































14 


MAR to LS 


LA702-712 


$ 
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■" "'" 
















■1 


























15 


Set ALU (I/O Bus) to LS 
























































































■ 


■ 
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16 


LS Write 


LA302/313 
















































































17 






















































































18 


Set Address Check 


RA501 


















































































W/MMW. 




19 


Branch Go 


RA502 


















































































20 


Increment by 1 


RA402 


















































































?1 


Increment by 2 


RA403 
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2? 


Decrement by 1 


RA401 


























































.rement carry 


































23 


Decrement by 2 


RA402 


















































































■ 








24 


Prevent Mod-SAR-lnh Check 


KA511 




to/M 


wwww. 


r777777777777. 


VWWM/, 


777777777m 






































































25 






















































































26 


Prevent Storage Use 


MA402 


















































































27 


SDR to Inh 


MA401 




















































0-15 


o0-15 














0- 


5 to 0-15 












?R 


SDR to Op Rag 


KB102 


















































































■ 


29 






















































































30 


SDR to TDR 


KB402 


























































































31 


Eight Shift Control 


RBI 62 




















No shift 8 














No shift 8 














No shift 8 














No shift 8 












32 


Shift by 2 or 4 


RBI 61 
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33 


No Shift 


RBI 62 




















































0-15 














0-15 












34 


Test Packed Byte or Sign 


RA502 


















































































35 


Normalize Sign Active 


















































































36 


Suppress 


RB171 




















0-15 














0-15 












































37 






















































































38 


ALU to FDR 


AA303 


















































































39 


Reset FDR/Retain FDR 0-7 


AA303/KB411 


















































































40 


Invert Switch Control 


RB301 


















True and invert 0-1 5 = /0000/ 










True 0-15 run 2; invert 0-1 5 run 4 










True 0-15 run 2; invert 0-1 5 run 4 












FDR true 0-15 












41 






















































































4? 


ALU Control Gate 


AA301 






















OE 
















OE 
















OE 
















OE 












43 


Additional Carry 


AA302 


















































































44 


Six Correction 8-11/12-15 


















































































45 


Set Carry Latch 


AA402 


















































































46 


Set Condition Code Latches 


















































































47 


ALU to Inh 


MA401 


















































































48 


ALU to SAR 


KB411 


















































































49 






















































































50 


Data Switch to Op Reg 


KB402 
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O Re to Address Bus 


KA541 


* 
















































































5? 


I/O Display Address Out 


















































































53 


Allow Strobe 


















































































54 


SENS Strobe/Control Strobe 


BA102 


(Displ SENS strobes) 












































































55 


Sense Reset/CTRL Strobe 


















































































56 


Prevent ALU and SU Check 


BA103 


















































































57 


I/O Bus to FDR 


















































































58 


MANOP SENS 


BA101 
KA531/532 
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KA414 
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SbNS/14/ 




























































■'"" 














59 


MANOP 
















































































60 


Storage Test 














































































61 






Only if CE mode sw off 
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\ 


62 


MANOP Suppress 


* 


















0-15 














0- 


15 












































63 


Inhibit FDR True 0-15 






























































*^7 


Run 4, compare invert only 














64 


MANOP FDR Invert 0-15 






























































</ 




















65 


Invert Parity Latch 






























































if 




















66 


MANOP Test ALU Zero 


















































































67 


Set ALU Test Latch 


CC121 




























■ 
















■ 






















f ALU not test latch 


>r any che 






■ 






68 


Set Process Check 


CC122 














LSA 


















































ck 






^^A 




69 


Set LSA Check 


CC221 


*\ 




y/////////A 


Y7///777777, 
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T7/777777777? 


Y/>;///;/77/77\ 
















V777///7777> 




























70 


Set Mod Check 


CC101 


















































































71 


Set SU Check 


CC102 
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AT8^H 














AT8M1 








72 


Set ALU Check 
























































































73 


Set Bus Check 
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74 


Set SAR Check 


CC101 
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VMJMM/ 
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Set Inh Check 


±Z 

















































































Function signals: ACycle f%%! Cycle | 



"Do not care" signals: ACycle r~~l Cycle | 



• Diagram 5-79. Storage Test Run 2 and 4 (Compare Runs) (Part 2 of 2) (03784A) 2020 > 50,000 FEMDM Vol 2 (8/69) 




Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

Diagram 5-81. CPU Cycle Steal Operation (Part 1 of*2) (03786) 2020 > 50,000 FEMDM Vol 2 (8/69) 




Note: For "Do not care" functions 
refer to timing chart below. 

"Do not care" signals: 
ACycle I I 

Cycle 



Functions performed during cycle time are shown by full lines and functions performed during A cycle time are shown by dotted lines. 

• Diagram 5-80. CPU LOG I N (Part 1 of 2). (03785A) 2020 > 50,000 FEMDM Vol 2 (8/69) 
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^m^^^m^^ Read I Write | ^Read . 1 


Write | Read 




Write „ 


Read | Write | Read m I *■ 


'/MtffltMX A Cycle | a Cycle 1 


1 A Cycle 2 




1 f 


ACycle 3 I ACvcleO 


^mm^mmmmmmMMmmmmm 


Cycle 




Cycle 1 






Cycle 2 






Cycle 3 


Cycle 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


"T2 "T 


T3 


T4 


T5 


T6 


T7 


T8 


Tl 


T2 


1 


LS New PL Zone Gate 


KA511 












■ 














■ 
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2 


LS Current PL Zone Gate 


£ 
























_ 

















■ 






■r 
































3 


New/Current PL 


frtKKKt 


SV\VsVV\\\\^ 


New P 


7 (MANOP) current PL saved last active PL) 


^^^\v 


SSS^SSU 
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New = 


= current 


4 


Fixed X-Address 


LA412 






7 
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7 


7 








































7 
V///S77777Z 




^^7^ 








7 


7 






7 




5 


'To Reg' Select 


LA402 
















































































6 


'From Reg' Select 


LA411 


















































































7 


LS to SAR 


KB411 


















































































8 


LS to MAR 
















































































WMWfo 


9 


LS to FDR 


KB401 
















































































10 


LS to TDR 


















































































11 


AMR to LS 


LA702 


















































































■ 






12 


ALU (I/O Bus) to LS 


KB412 


















































































13 


LS Write 


LA 302/31 3 


















































































14 


Set Address Check 


RA501 
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Function signals: ACycle EZ%1 Cycle | 



"Do not care" signals: ACycle I I Cycle | 



Diagram 5-80. CPU LOG IN (Part 2 of 2) 



(03785A) 



2020 > 50,000 FEMDM Vol 2 (8/69) 
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Diagram 5-81 . CPU Cycle Steal Operation (Part 2 of 2) (03786) 2020 > 50,000 FEMDM Vol 2 (8/69) 
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